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IRON BLAST-FURNACE REACTIONS 


By S. P. Kinney, P. H. Royster, and T. L. JosEpa 


INTRODUCTION 


Exact knowledge of the chemical and metallurgical reactions in 
the interior of the blast furnace is becoming increasingly important 
to furnace operators. With a view to providing basic data and thus 
aiding the iron and steel industry, the Bureau of Mines has attempted 
to determine the reactions as they take place in the interior of the 
furnace. In this work the bureau used two methods of attack: (1) 
A study of the composition of the gases across a series of planes be- 
tween the tuyére level and the stock line, and (2) a study of the com- 
position of stock samples removed from various planes. The in- 
vestigation reported in this paper is analogous to a number of others 
that the bureau has conducted, at its Minneapolis, Pittsburgh, and 
Birmingham-Tuscaloosa experiment stations, on the reduction of iron 
oxides and the combustibility of coke. 

In the study of the combustibility of coke a survey was made of 
the combustion zones of 14 blast furnaces. Methods were developed 
for obtaining gas samples at intervals across the tuyére planes of the 
furnaces, and these methods were later applied to a number of experi- 
mental furnaces at the bureau’s North Central station, where the 
study of combustibility was continued and compared with the results 
obtained in full-size furnaces. Here the methods developed in the 
study of combustibility were applied to a study of the reduction of 
Iron oxides, by means of gas sampling across a series of planes between 
the tuyére level and the stock line. These experiments included 
taking several thousand gas samples in the hearth planes of the 
industrial furnaces and in the series of planes in the upper part of 
the experimental furnaces. 

@ work on the reduction of iron oxides in the experimental 
furnace has been discussed in a series of papers! by the authors, and a 
report on the combustion of coke in the blast-furnace hearth has been 
ee ee ee Nae a ge eg 
eben P. H., Joseph, T. L., and Kinney, 8. P., ‘‘ Reduction of iron ore in the blast furnace’’: Blast 

and Steel Plant, vol. 12, 1924, pp. 35-38. ‘Significance of hearth temperatures”: Ibid., pp. 97-101. 


Bi balance of Bureau of Mines experimental furnace’’: Ibid., pp. 200-204. ‘Time element in iron-ore 
betlon”: Ibid., pp. 246-250, “‘ Influence of ore size on reduction”; Ibid., pp. 274-280. 


1 


Google 


2 IRON BLAST-FURNACE REACTIONS 


made by Perrott and Kinney.’ Other papers? on the combustibility 
of coke have been written by Kinney, Perrott and Fieldner, Fieldner, 
Sherman and Blizard, Sherman and Kinney, and Sherman. 

For comparison of the results obtained in the experimental fur- 
nace with actual practice, study of the reduction of iron oxides was 
extended to a 300-ton furnace, where the gases were sampled across 
a series of planes lying between the tuyére level and the stock line. 
This paper describes and discusses the work done. 


SUMMARY OF FINDINGS AND SUGGESTED CHANGES IN FURNACE DESIGN 


Samples of gases from various planes in the furnace have shown that 
certain parts of the furnace do more work than others because the 
stock moves unevenly. Ideal operation would seem to require unl- 
form flow of stock and gas. As it has been shown that the combustion 
zones control the movement of stock in the furnace, Kinney and 
McKenzie ‘ have suggested that more uniform movement might be 
obtained by rearrangement of these zones in an elliptical or oval 
hearth, not wider than twice the length of the zone of combustion. 
By so doing the average temperature of the hearth would be higher 
than in present furnaces and combustion would be proceeding 
uniformly throughout the hearth area; therefore stock movement 
would be uniform in the stack. 
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PREVIOUS WORK 


Many investigators have attempted to study the reactions at 
various elevations in the blast furnace. Usually the data have been 
obtained by taking gas samples at a single point through holes punc- 
tured in the shell of the furnace or by allowing a vertical pipe to 
descend with the stock. A few investigators reported temperatures 
and pressures. The first work available is a report by Bunsen and 
Playfair in 1845 at Alferton, England, who studied a furnace that 
used anthracite fuel. Table 1 gives a chronological list of investiga- 
tions, arranged by fuels. Most of these have been reported ® in some 
detail by Wedding, Percy, Bell, Von Jtiiptner, and Mathesius. 


TABLE 1.—List of previous investigations of the blast furnace 


Investigator Year Place and country Fuel used Reference and remarks 
Bunsen and Play- | 1845 | Alferton, England....../ Anthracite.| Bunsen, R. W., and Playfair, L., 
fair, “Theory of iron smelting”: Rept. 


British Assoc. Adv. Sci., Cam- 
bridge, England, 1845, p PP 142-186. 
Wedding, Herman, work cited 


Ebelmen..__.._...-- 1841 | Audincourt, France..... Charcoal... coed er D., Tranv. Scient., 
» Pp. . 

Bunsen .......--.--. 1838 Veckerhagen, Prussia... .|...--. do.....| Bunsen, R. W., work cited. 

Ebelmen..........-. 1841 | Clerval, France. .......-|....- do_.... Ebelmen, A. D., work cited. 

Heine... .---.| 1842 | Magdesprung, Harz....-|..... do....- Bercy John, work cited, p. 433. 

ee eeee and Lang- 1843 | Barum, Norway. ......-)..--- do. .... 0. 

rg 

Ebelmen........-..- r48 | Clerval, France. -......./.-..- do....- SP brs 400 A. D., Tranv. Scient., vol. 

Turner and Richter_| 1860 | Eisenerz, Stiermark, |_...- do..... Turner La Richter, Turners Jabrb., 
Austria. Wamba vol. 9, 1860, p. 281. 
furnace. 

DGiscclieecte.2 1860 | Eisenerz, Stiermark, |....- do-_.... Do. 


Austria. Kaiser 
Franz furnace.¢ : 
Rinman and Fern- | 1862 |} Hammarby, Sweden @.../._--. do.....| Percy, John, work cited, p. 430. 


quist. 
D622322 ee: 1863 | Forssjo, Sweden ¢......./.....do_--.. Do. 
DO. tee ccees 1864 | Hasselfors, Sweden ®...-.]....- do. .... Do. 
Rinman........ 1866 | Harnas, Sweden ®.......|...-- do..... Ferey, on work cited, p. 41. 
Kupelwieser and | 1873 | Eisenerz, Stiermark, |....- do..... ; 
Schoffel. Austria.® 
Ebelmen............ 1843 | Vienne, France-......... Coke....... Ebelmen, A. D., Tranv. Scient., vol. 
2, 1848, p. 420. 
Deseo save 1843 ae Y oe ue, France @_|____- do__..- Do. ; 
DO, soewecselens 1843 ecating. Be elgium......../-..-- do.....} Percy, John, work cited, p. 432. 
Bell sc ee Ceeacetsun 1871 | Wear Furnace, England.|.....do.....| Bell, I. L., work cited. 
Levin and Niedt--..; 1911 | Silesia, Germany ¢..__../....- do.....} Levin, M., and Niedt, H., “ Unter- 


suchungen tiber ZusammMensetzung 
des Gusstromes a Hochofen: 
Metallurgie, Juhrg. 1911, pp. 
515-539, 556-581; ‘Stunt u. Eisen, 


D622: ose eee 1911 | Rhineland, Germany *..|/..... do....- O.. 
Schlesinger.......... 1911 | Oberbausen, Germany ¢.|_.-.- do__...| Metz, Norbert, “Studien iiber die 
Vorginge im Hochoten”’; Stahl u. 
Kisen, Jabrg. 33, 1913, pp. 93-104. 
Metz. -............- 1913 | Dudelingen, Luxem- |..... do. .... Do. 
burg.® | 
¢ Temperatures and pressures measured. ’ Temperatures measured. 


’ Wedding, Hermann, Handbuch der Eisenhiittenkunde. 2d ed., Braunschweig, 1896, vol. 3, pp. 203-241. 
Poe, John, Tet Urey London, 1864, 596 pp. 
he Ch see {cal Phenomena of Iron Smelting. London, 1872. 
be saptner; Hanns, Bauer e zur Hochofentheorie. Leipzig, 1921, 320 pp. 
ee Walther, Die Physikalischen und Chemiscben Grundlagen des Eisenhiittenwesens. Leip- 
zig, 1924 pp. 
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RELIABILITY OF PREVIOUS RESULTS 


As they covered a wide range of fuels and a number of furnaces 
the investigations cited in Table 1 furnished particularly valuable 
data. In all of these investigations, except those of Levin and Niedt 
and Metz, the gas samples were obtained by introducing an uncooled 
iron tube in the furnace or by lowering it through the top and allowing 
it to descend with the stock. The value of the gas samples taken by 
this method is somewhat doubtful. The iron sample tube might 
have become oxidized by the gas sample, thus causing a change in 
the composition of the gas during sampling. Moreover, in all of 
these investigations the samples were taken over water, a method of 
collection that is open to criticism because of the solubility of CO, 
in water. 

All samples except those of Metz were taken at one point at each 
elevation. This investigation indicates that such samples, if taken 
with water-cooled sampling tubes and over mercury, show the com- 
position of the gas at the point at which the samples were taken, but 
do not represent the reactions at other points in the same plane. A 
large number of samples must be taken at each point if the results 
are to be representative. It is further necessary to take samples 
at several points on any radial line to determine the gas composition 
along that line. Six planes were available for sampling and there 
were about 20 sampling points on each. If the reactions in the 
furnace are uniform and symmetrical, the samples taken on any 
radius will represent the gas composition on the plane. 

The results of Metz and of Levin and Niedt agree with those obtained 
in this investigation, although those investigators did not obtain com- 
parable data because their observations were limited to a single point 
on each plane. © 


FURNACE, APPARATUS USED, AND PROCEDURE OF TESTS 
DESCRIPTION OF FURNACE 


As already mentioned, this investigation was conducted at a 
300-ton southern furnace making foundry iron. The furnace was 
smelting a mixture of southern red and brown ores * (hematite and 
limonite), and nodules made from pyrite sinter. The flux used was 
dolomitic and the coke was made from coal from the Brookwood and 
Mildale beds at Kellerman, Ala.; it was washed before coking. 
Details of the materials charged and the operation of the furnace 
are given later. 


6 Wingard, J. H., Statistics of the Mineral Production of Alabama for 1921: Bull. 26, Geol. Survey of 
Alabama, Univ. of Alabama, 1923, 111 pp.; see pp. 66 and 71. 

Phillips, W. B., Iron Making in Alabama: Rept. of Geol. Survey of Alabama, 3d ed., Univ. of Ala- 
buma, 1912, 254 pp.; see pp. 16-113. 

Crane, W.R., Iron Ore (Hematite) Mining Practice in the Birmingham District, Alabama: Bull. 39. 
Bureau of Mines, 1926, 144. pp. Abstract in vol. 72, Am. Inst. Min. and Met. Eng., 1925, pp. 157-225. 
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6 IRON BLAST-FURNACE REACTIONS 


POSITION OF SAMPLE HOLES 


While the furnace was in operation, a series of 2}4-inch holes 
was drilled through the shell and lining, and nipples and gate valves 
were attached to the shell. Table 2 shows the position of the holes. 


TABLE 2.—Posttion of sample holes 


Distance below /|Distance above cen- 
Hole No. stock line ter line of tuyéres Remarks 

Feet Inches Feet Inches 

Da 5 oe ee oe 3 0 60 4 | Above No. 3 tuyére. 

ec suse tte Ds ota eo ate 10 0 53 4 Do. 

Lee ce seke eco secewe 21 7 41 9 Do. 

Are Ie doh Prete et Nee Sage 44 1 19 3 Do. 

Geese ee ioe etek ae 61 1 2 3 | Above cinder notch. 

Gascsiececesteeedeass 63 4 0 0 | Nos. 5 and 11 tuyeéres. 
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FIiGuRE 4.— Details of special water-cooled bosh plate, having tube through which gas-sampling 
tube was driven 


Figure 1, a cross section of the furnace, shows the elevation of the 
six sample holes, and Figure 2 gives a general view of the stack and 
the platforms for holes 1, 2, and 3. Holes 1, 2, 3, and 4 were directly 
above one another at one side of the furnace. Hole 5 is in a water 


(Go gle 


aE EEE Selene ae eed —x 


BUREAU OF MINES TECHNICAL PAPER 391 


FIGURE 2.—BLAST-FURNACE STACK GAS-SAMPLING PLATFORMS, 
AND POSITION OF PLANES 1, 2, AND 3 


Digitized by | - . Original from 
_ ; Go . gle UNIVERSITY OF MICHIGAN 
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FIGURE 3.—WATER-COOLED PLATE IN BOSH BETWEEN CINDER NOTCH 
AND NO. 10 TUYERE 


FIGURE 6.—APPARATUS FOR COLLECTING GAS SAMPLES 
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cooled block in the furnace wall opposite holes 1, 2, 3, and 4. A 
specially constructed water-cooled bosh plate was set in the bosh of the 
furnace at an elevation of 27 inches above the center lineof the tuyéres. 
As Figure 3 shows, the block was set above and to the left of No. 10 
tuyére, which appears in the figure at the right of the cinder notch. 
Figure 3 shows the position of the center line of the plate in respect 
to the center line of the tuyére. Figure 4 gives details of the water- 
cooled plate used—a standard cooling plate through which a 2-inch 
copper tube has been set, as shown. This tube slightly retarded the 
circulation of water through the plate, but not enough to cause 
trouble in the cooling system. 


METHOD AND APPARATUS USED IN COLLECTING GAS SAMPLES 


As the method of obtaining the gas samples by the use of water- 
cooled sampling tubes has been described elsewhere,’ only a short 
description is given here. 


i one lup-Iron band 
Small round metal i thick, I2}"long, welded. a 
lugs weided to I’pipe rh 
to keep it central. a . 
‘Se =. .Se eee ee eee eee FS / beate valve 
a ad = SLO LEER EEE OE EE ~s-ae = HE 


CT ae eS ae ee 4 =—. 
Ls Sn so OM (commas g 92s outlet 
“52° boiler tube 
iron pipe Nine nevis 60°00 7" gate val 
per square inch jy. 
To 

_ 3 ey 

Air line 

9Opounds pressure ¥O 


FIGURE 5,—Water-cooied gas-sampling tube 


The sampling tube shown in Figure 5 was driven through the 
opening in the furnace to the center with a dolly bar. At the tuyére 
plane and bosh, compressed air was used in the center, or gas line, 
to prevent stoppage with slag or other fused material. When 
samples were taken on planes higher in the furnace, where fused 
material was not encountered, a rod was used to prevent the plugging 
of the gas line. When the tube had been driven to the center of the 
furnace, the air was disconnected or the rod was removed and a 
rubber tube was connected to the one-eighth-inch gas outlet pipe. 
This tube led to the point where the samples were taken (fig. 6). A 
small hook of one-eighth-inch iron pipe was attached to the end of the 
rubber tube. At each setting of the sample tube gas samples were 
collected over mercury in 4-ounce wide-mouth bottles closed with 
.Tubber stoppers. After a sample had been taken the bottle was 
inverted and set in a shallow trough of water, which acted as a 


’ Perrott, G. St. J., and Kinney, 8. P., ‘‘Combustion of coke in the blast-furnace hearth’’: Trans. Am. 
Inst. Min. and Met. Eng., vol. 69, 1923, pp. 543-584. 
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secondary seal. A little mercury was left in each bottle, and when 
the bottle was inverted the mercury acted as a seal for the gas and 
as a covering for the rubber stopper. 

Analyses for CO,, O,, CO, H,, and N, were made in a modified 
Orsat apparatus * of the Burrell type. Two pipettes of the bubbling 
type, containing acid cuprous chloride, were used for the determi- 
nation of carbon monoxide. 

The collection of gas samples continued over a considerable period. 
Sampling was started on plane 1, 3 feet under the stock line, and 
progressed from plane to plane until the tuyére level was reached. 
All samples were collected when the furnace was operating normally, 
and if operation seemed irregular the sampling was abandoned 
until operation was normal. Each plane was sampled on several 
different days. Each day’s work involved repeated sampling of 
the gases from the inwall to the center of the furnace, at intervals 
of approximately 4 inches; the distance was covered several times 
daily. The sampling of each plane was continued until concordant 
results were obtained and the limits of. variation were determined. 


COLLECTION OF STOCK SAMPLES 


Samples of stock were obtained from various sample holes; the 
results have been described elsewhere. As a few samples are 
reported in this paper, a description of the methods employed in 
collecting is given. 

The sample holes were fitted with valves and nipples so that various 
apparatus could be attached. When samples of stock were taken a 
pipe was attached to the sample hole, which led downward and to 
one side to an air-tight container where the hot stock was deposited 
and allowed to cool. The pipes from the sample hole to the con- 
tainer were short and were so arranged that the holes could be 
worked with a 14-inch drill rod or hook. 

The samples of stock obtained from the various sample holes were 
allowed to cool in a reducing atmosphere, then they were examined 
in the laboratory, where the various constituents of each sample were 
separated and analyzed. 

Samples of coke were taken from various holes and analyzed for 
total sulphur and the several forms of sulphur. Results of this 
phase of the investigation will be reported elsewhere. 


§ Fieldner, A. C., and Jones, G. W., The Bureau of Mines Orsat Apparatus for Gas Analysis: Tech. 
Paper 320, Bureau of Mines, 1925, 18 pp. 

v Kinney, 8. P., “Analyses of miscellaneous samples of coke, metal, slag, limestone, and stock recovered 
from various elevations in a blast furnace.”” To be published in technical press. 


—— 
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BAMPLES OF FUME AND STOCK FOR CYANIDES 


Samples of stock and of fume from the gases were collected in the 
lower part of the furnace and examined for their content of cyanide. 
The solid stock was collected as above described and the fume from 
the gas was collected with filters through which a measured quantity 
of gas was passed; the samples were analyzed for potassium cyanide 
(KCN) and total alkali. The results of the cyanide investigation 
will be given in a report * published in cooperation with the Depart- 
ment of Agriculture, Fixed-Nitrogen Research Laboratory. 


TEMPERATURE AND PRESSURE OBSERVATIONS 


Temperature and pressure observations were made at various 
elevations in the furnace stack. The temperatures at the inwall at 
holes 1 to 4, inclusive, were taken by means of base-mctal and platinum 
thermocouples. Temperatures were taken at the center of the planes 
at a number of elevations. The temperature of the center of the 
hearth at the tuyére level was taken with a platinum thermocouple. 
Optical pyrometer readings were made of the temperature of the 
tuyéres, metal, and slag. 

Pressure readings were made at holes 1, 2, 3, and 4 with mercury 
and water manometers. 


FURNACE-OPERATING DATA AND BALANCE SHEET OF 
MATERIALS "! 


Tables 3 to 8, inclusive, give miscellaneous operating data and 
quantities of materials charged and discharged from the furnace. 
The balance sheet of materials covers a 10-day period of operation 
and is presented to give an example of the practice. The results in 
Table 6 for materials discharged have been calculated from actual 
analysis of discharged materials and adjusted where necessary to 
complete the balance. The accuracy of the balance may be de- 
termined by comparison of the results obtained by actual and calcu- 


lated analyses, shown in Tables 7 and 8. 
eg en ee 
* Kinney, 8. P., and Guernsey, E. W., “The occurrence of alkali cyanides in the iron blast furnace”: 
Ind. and Eng. Chem., vol. 17, July, 1925, pp. 670-674. The Occurrence, Distribution, and Significance of 
Alkali Cyanides in the Iron Blast Furnace: Tech. Paper 390, Bureau of Mines, 1926, 41 pp. 
" Kinney, 8. P., “Materials and heat balance of a southern furnace’: Blast Furnace and Steel Plant, 
vol. 13, July, 1925, pp. 272-276. 
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TaBLE 3.— Miscellaneous operating data ¢ 


Temperatures of: 
oF. a 


BASU 65S e eras at ee era ee le ete at as 957 513. 8 

BOW stad opin Cee eee ie ees ee eee el Se a " 335 168 2 

Meal 222.2 cd eet ee a ees eas eee oS 2, 525 1, 385 

Lo): ae eae Ae RS ele HP aE Tee eT Se I 2, 568 1, 409 

TMV CRG o5 uns eas Sears ahs Be a ca Ce es 2, 793 1, 534 

Air at blowing engine, dry bulb___-_____-_----------- 65 18.3 

Air at blowing engine, wet bulb.__-....--.-----.----- 56. 5 13. 6 
Relative Humidity: 3222.32.00 fos dieclined ese ee esol eset per cent__ 55 
MOItSture: 4) B10 265 Sou ee keto’ grains per cubic foot... 3. 73 
IArOMeCtOl sa sie ee eee pee ee ie Ss 29. 64 
Pressures (pounds per square inch): 

LB 1) ene nee aoe Ee Ree ane etcetera eee a Cogn et eared be aR Pe 16. 85 

lA: 2032s cn Veo hoe eee eee ee oe oe oem 88 9 
Blowing engine: 

Revolutions per minute._.......-...------.-.------------.---- 101. 5 

Air blown, calculated from engine speed, dry, cubic feet per minute 

at 65° F., and 30 inches of mercury....._...---.-------------- 41, 660 


Air blown, calculated from carbor consumption and gas analysis— 
Dry, cubic feet per minute at 65° F. and 30 inches of mercury. 28, 691 


Wet, containing 3.73 grains of water per cubic foot.......--.- 29, 012 
Coke: 

Shatter test ...3i22cccecheet ese en eee eee es per cent >__ 69 
True BpeCiNG- QrAVi tycoon science Selene pee me siewce oes 2. 00 
Apparent 6pecific gravity co:.<ce426sccscdonee oases ceSeeeeul ees 0. 99 

Furnace data: 
Volume of ‘furriace....<< 2. .2cccc celles cec cee eeec es cubic feet._ 15, 385 
Number of tuyéréss 2.2 see sc ne eee eco ee eee h eee eee eel eee 12 
Size of tuyéres_........--__---------------------------- inches_-_ 6 by 12 
Charges perday s22 22636 4s Se ee to See eo 71.4 
Tron Made os fo hee see ewe eee Ges St etsee tonsperday. 324.7 

TaBLE 4.—Analyses of raw materials, per cent! 
: : Brown | Attalla | Estelle |; | Lime- : 
Constituent ore mad ore’. Ted-one Nodules? stones Coke ! 

Hs Osh oe easy ares aceseenncdes eet 13. 98 1.30 3. 88 9. 45 0.10 f.40 
PG ope rete reek ees eae ee 14. 10 10. 05 7.74 10. 80 1.00 6.74 
DAGON ede ee et Ie ete Ete anes es 5. 70 3. 20 4. 83 4. 20 £60 4,10 
POO ites ss seee esate tee ste ec eee nesades 61. 70 56. 10 43. 25 43. 09 1.00 1.21 
BOO cost erie eee eee eee Sane niaeunee ses 0 00 . 00 20. 61 00 a 
NO ses suciecid agate tet eee ee Seeks 1. 02 18 .14 . OR . 8 0 
Pgs chee eee eeaeeer he eee on ey 1. 56 42 21 07 01 04 
CAN ner eben ete atasanos sew Seaisess ode 14. 80 20. 91 . 60 30, 22 eet 
MO sxc ot cece oes ue eae a 222 30 . 90 10 21. 21 lf 
RG) ok cts ale a eect a Per talee, eal Maas ot . 30 . 80 . 60 . 30 a0 Mt 
INO cos elec oe ese a sens . 30 .30 a1) .20 00 £6 
Bice cat ea ewe eet Mies | 10 00 10 30 10 1.(f 
CFOS Go: sheae aves edaeteu ete ncesereeees css 80) 12. 10 16. %3 20 45.73 mM 
Fixed. Cathonecesc oc cacc ce cesdeesdecvne | Benassi teh ree AUK note dl Gop iP act Nic Gen no nginnee die Sc ang kaneis 80. 35 
WOlntile matters cso3cs ecu ceesaceaseuc cna tieniie supe cou e ws: ae Stee Acer Ie ee SiR ar ogi eo ete 16 
otal scesse exter tiedabas ed 100.00 | 100.00} 100.00 | 100.00} 100.00 | 100.0 
eee Slate ees Ee eee ge ee va ee 


1 Analysis as reported by Bureau of Mines. 

2 Nodules made from pyrite sinter. 

3 Polomite. 
a uae in Semet-Solvay ovens from washed coal. Coal mined from Brookwood and Mildale beds, 
<clierman, Ala. 


@ Average values covering period represented by balance sheet of materials. 
’ Percentage of coke remaining on a 2-ineh square-mesh screen after 50-pound sample had been dropped 
four times from a height of 6 feet upon a steel plute. 
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TaBLeE 5.—Composition of materials charged, pounds per long ion of metal produced 


“ : Attalla | Estelle Lime- . . ae Per 
Constituent oe ne Nodules eane Coke Air Total whit 

PO ostenie astro tGvee oe ctictoats 8.52) 16.9%} 94.74 1.22 141.65) 67.92 627.04, 3.47 
1G ) Ae ee eer etenerte Fear aerett: 68.68) 33.85) 108.05) 12.510 177. 76/2222. 690. o4 3.56 
AlgOscs oe cccestcees 20.85) 21.09) = 42. 00 7.54 107. 6K) Lee | 320.80 1.77 
F Glck Oe ceatemcer ae 255.97) BL YO} AB. 4B) BT 2 eee. 2,180.86) 12.09 
OF ee ieee 110. 58) 57.70) 206.10) B80 9.87) 2, 224.02 5, 007.88) 16.62 
ONO coca W6. os) 91 61 6.01 BTM 47, T0522. | ESA. 38} 3.33 
MRO cakes eekays 1%) 3.92 Jft6) HY 4 28) 27. 61 1. 4 
LeU) ee eee nen 2.70 .” 7A | Ue Pe | eaerariecee 3x. 61 521 
MNOS 25. ccusctucaees 1. 23 61 80 3 SOUL ceveees 24. 0) 14 
Per ok aia see ae 2.61 3. 00) 4, SW). 222 - lieh) 09 
INO ooh tists Uj 23) 2.00 00; 1.481022. 12. 2h ~ 05 
See ae mean anaes OO} 43) B00) 22] HBO 35.60/19 
OF 0 ee ee aati eh ote ae te 79.10) 74.07) 202) 573. M0 OU aganieas TAS UT} 4. 12 
Bersted ae weinte ened ee wct el eas uh eee ledoc| san eked Swat ennai ete cinaaet 2, 110. 66)..-2---- 2,110.66) 11.65 
gc ccaeku satiate. RI i (Ce deaiere a eaerpernniad Panne NS einen) eevee | TUE Sot: 108 . 06 
bf eee eer arrunee Iaith GOI Ores Gah ioe adel ttt iat |e De GHe eet he) tard . 103.86 7, 403,66) 40.89 
Total... .1.2..] 328. 08/2, 117.84) 646.89} 437. 92/1, O00. 05'1, 243. 112, 626. 85:9, 695, KO 18,108.34 222-2 = 

Per cent... ..- 82,0 116U 3.57 243) 5.53) O. ee oa 100. UU 


TABLE 6.—Composition of materials discharged, pounds per long ton of metal 
produced 


Constituent Flue dust! Metal | Slag | Gas Water Total | Per cent 

12 Cape eet nn eee Nie Oe Fag oe Be et eee 3 Mh ee Eee Potty eu es 549. 12 55Q, 12 | 3. 09 
PEO ies ou heehee Ba ats tated Roe 2 nee 569.26 2.002222. Pesiaet tat GOS. 74 3.33 
RWO $208 bones eee see we TS. 0c eee 3U1. 69 2... --. Pye oot: 820. 39 Lv 
BO sia le Serer os 92. 1 | 2, OS4. 25 VSG, eho Sas lar a rtaactentens ace 2, 189. 6 12.10 
0 5 aaNet et iat es a oe a 30.67 0.2. ......! VR oes en Ate reba eaten 41.56 23 
CO Det Soe a a Sate tes VAG been etn Bed Hiatal dladeclin: te ale tae! 585. US 3. 23 
1 6-4 6 eae een ee ere reece cS Fg eee OT AA i eters Me role Slat ete 279. 61 1. 4 
Pi isottaace) Sie eames | 7 eee ae i G70 eee tia tat see e aad teal . OF 
MAO tctoen t* et Bek 1.29 '._......... DP lasso oor ke ee eS 3.73 . 02 
RO et cate ein ong ete ou Be ie nase. os | PRO ee ecu alesse en 20. 83 at 
PN) tose eel eshte ee ete Ces | ene ea SB cc de aleoecese secaden aden 8.5 .05 
Be nai ha date oe tdatstett teed 8.16 Wi DEG ce iain ae Lacelovetaiee 33. 60 .19 
Og oa tie ne oak B3T eteaed Fi,gs2g00 22222227 1,005.67] 10.86 
SERED es eR ae MC en a 40. 35 BOSC). tie wreadan. sabe, onde ietehiecajae 120. 41 £66 
Sica ote cic d pare aa ated Mire. Pease eles BO Wises Saha, veka Ora | are ctreee 45. OB . 25 
Se ert cea ark gh i ie 4h dl ses Des eee VG sesh cet Gn oe ha etre Ml Sap ed Botan 16.17 .00 
Pie) ent ie het Cee tae TBAOE West ec ets Ce he en vee oom 13. 51 . 076 
By phen oe Be ae Ree eoisei ed: Wi Meese sng mead tac ete un OX | lle. 19.88 WW 
Nie ee cao ee ote, acer Reeth Hints Smile Pa este. | 740n.g6 ll. 7, 403, 36 40, 89 
OO 2 aes sot ane cura sh eae tates ann ee eee | 8, 868085 [ese acces 3. NUN. SS O87 
Volatile matter_......._____ lal eee eee Mi ceri mis ck epee 2 nee Net, Seek ae | BO | OO4 
Total knock 277.86 | 2,240.00 | 1, 786. 47 | 13, 244. 89 | 540.12 | 18, 108. 84 (00000028. 

Per cent.....22.--.-- 1. 53 12.37 Y, 86 73.15 | SOU cc, ogee 100. 00 

TaBLE 7.—Calculated analyses of materials discharged, per cent 

Gas, por] Gas, per 

Constituent Flue dust, Metal Slag cent by | cent by 

weight volume 

Oe erat uate ule fh eee Sime et ioucaiadm coe binake FOCAL Wee Se a | RU Seo hk nox 3d [iste Soe 
11010] a On SO ER MELE A Wer Bele PRON OE tal ane om (FO le ten ere V6ERS ls Sos tet alee toes 
BBS tht std tiga 91s atone ia Ott ate Syne a 33. 40 93. O21 a Meera lett te Sarasa 
te a Ben Declan ila LA Mats dna te Maine het eae ane mee Renna he 14.30 |... ..-e- GUD alt deseachGcm tet fc tyke 
OO a ce fe, Alle, tata olen Pipettes eel Aeneas Rest et ene BO) Geta gte te yall ee a dese teats 
NAO ele ta a ab yy at ied Ae Ocean ta ee ade eek. | ie ee PG one ca oe ol acenecs ae 
De ta Be ata ae cans Net ore oe eee on dea, wena e eke A: eon rencees 2 et [ene Seeeide ee Oe 
MiG fete ce ee ee ee RAGE ae aa | ic eee ial (nee 
Pee aceite ek aise ota cas gt: aca sees! se, nee acento 2.02 |.......... TON Mestad, tek Witten, teakn ctcte 
PN he OC ae fate Ae lo cme ntcaten ene ae ees | tale ee. os cee eps | Ses 
Depa or eMe a Aces ee cee eee Paha ule ai tec ea dha 2.4 O44 Wahi Wssiidegaina . sae Ales 
NO taser cee tates os apse seaplane ln nes fed ayccciaeiak, a re. a eee eee omer! 14.75 9.73 
eet) ae enn ioe sicbh aac ee aha t hres tet 14. 49 | RO Pe OE ied ill toe 52 don 
Be Oi Be ae Oh st Sek Scena haere cope eta 2a alae te eae cele anton tne, SPE? Pou oe ie. eet Apes cs wold, seek ue as 
oo EIT Ie ele ELE ne NOUR Arey Ae NS CANE he Noe BD Pe hte Nettle oe ic ema ee Ore 
ane pceal 2s Salil mt aah os nea a a Ue ek, A en eg tl een te tage De (WE te eek Mins gt et le halt pe: 
| Seah te On ene Nels A OL TIL eee a | en Se | RT, ae se eee Pa | 016 
N; Ee aetna Sites Sea SAN dca nena ea tN eater esta ek a Pian Se oe, a ae | [eae ceo Me ait hid eae | 5, OO av. YO 
i Sia acs sic tollamnshn Bvt ch nce tac hn hoses Mite oe aad Ue cemctegl a Mt coy rash aeipetee cee i BO $0. 30 
Volatile matter......_................... eee 7 eee eee Met Setondte' Ss | ee ey eer 
LT) OR a aes a Pe 100.00) 100,00 | 100,005 1600. 00 | 100. 00 

ee ee a ee ee ; os ene oe 
83004 °—27——_3 
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TaBLE 8.—Actual analyses of materials discharged, per cent 


Constituent Blue Metal Slag Saeed 

SlO gage ke oS ae See ge Sn ee eh thease Hee See 12.9 j......-22.. Ve Ge) Dae 
Pl sO green ck Se enc eae to ty bene ate A ple at alte pk Eee 8 nt th Teh! Wacece sess 16. 23 {..2--02-.- 
Cee tars he A oe os ees te eh at le ee eS ed by, 2 cue a ere 34. 2 93. 021 72, Ol ee Ree 
gc GE a che sat PA eI bela eho eto eth B32 Cn fe SENDS he, By et leak 14.8 |..... cL. BS aoe kee 
CFO gate ret ad oe ea te eh ee earl ate ee Aes Nail Ce ay Beene Fv eee’ 
IN ee ett td Bo ays ee pc nya BE rit tea ea es 1588 ooo 
Oe reat ea Basa elect Eee Rats cee ed oA NOY tench eter ch eet XG ee eee BS eee ene 
NEO oe i AEA Si ia ae Kea nt ee ahi ae el me ng 649 |... Ye eee 
On igi acta abe ast de tees hte weet: heh tae haa eee 9 aaah Pays al 21.20 |.__.._____ 64 |....---.-- 
IN a rs eo cee re 2 hy at er aE Sc None ar tai Ee os eS at | ee © a ee r A] (ae ere 
Bota So lee tet ee ee es Aad tet teh a tA into etn ae clad 3, 30 . 044 1.41 |... --...- 
gh FG LO se Esa Sahl ne oe Sh Re A erty ee Oe be §: 06 | cece lin eect 9.7 
a se Noah eh Ae es Oe eS ee Ok aod Aa Ne ent 15. 07 S200) Wiecc. cece seers 
BD he ee te Be ree AeA eae Ope, a Ghee A te a ocak cl haa alent ite OT Sewn oe eee ee ecktes 
INET ss 3n4etoe chao ch als te Be, Pe ya hcg Naf apelin ee anette a ate all ten ae eee wet SADE Neate ae eat es 
Pe i os a he cl ett e She aig Me eer oe aap ak EO Di pnt PAN eas re ie tO 608 |... - flee... 
gas os tere BO oe pete st Sit i Ad oath acer! 308 eee dis 2.17 
TN oe tc ik oe Sate ASG ce Me gla ns eed diet et Slee, Sees Nat ho te ct 0 Pic hams scene a Nn peer es 50. 01 
C1 () Dear we oie NO TL EIS CREE DOM OA Re CLP RL et Snr OE PEPE SITS Neck eM IE RUN TR TET 2 UC UMEC LED ECP TENS! (EPRINTS eran Sn atEn! [foe Oe eeneWa re Tues 30. 4 
WOleTUG TiGUUOR en She Stee Se th Bet i ae le ened eta Ed eee Me Re Se sets at a 
Pot al ccete sep tink tangs Sorel iah a cealeads Saeenuanackoeted 100.00 | 100.00 | 100. 00 | 100. 00 


1 Analysis of slag made after removal of iron shot. Including shot, the slag contained 0.74 per cent Fe; 
ve Tan ae of this was in the metallic form in shot, which is equal to approximately 82 pounds of iron per 
on of metal. 
22.29 pounds of K20 and 0.23 pound of NasO carried to stoves and boilers; actual analysis of flue dust 
therefore lower than calculated analysis. 
? Approximately 25 per cent of sulphur charged was volatilized, therefore not shown in actual analysis. 


PRESENTATION OF DATA 
ANALYSES OF GAS SAMPLES TAKEN IN THE INTERIOR OF THE STOCK 


Tables 9 to 16 give the analyses of gas samples from the six planes. 
The samples have been arranged by date, time, and the distance from 
the inwall to the point of sampling; the constituents of the samples 
are reported in percentage by volume. 

The results are presented in order, from the tuyére plane upward to 
the top of the furnace. Analyses of tuyére-gas samples, Table 9, are 
summarized only because the results found at the tuyére plane in this 
investigation compared favorably with those that had been published 
by Perrott and Kinney ” for this and 12 other furnaces. Analyses 
of tuyére-gas samples taken during the course of this investigation 
have been plotted in Figure 7, and in Figure 8 are combined with the 
bureau’s analyses of samples of tuyére gases in 12 other furnaces. 

Analyses of samples taken on plane 5 are given in detail in Table 
10 and are shown in the curves, Figure 9. Results of sampling on 
plane 4, which is 44 feet 1 inch below the stock line and 19 feet 3 
inches above the tuyéres, are shown in summary only, because the 
composition of the gas at this plane varied between narrow limits. 
Table 11 and Figure 10 give analyses. As analyses of gas samples 


W@ Perrott, G. St. J., and Kinney, 8. P.. ‘Combustion of coke in the blast-furnace bearth’’: Trans. AD. 
Inst. Min. and Met. Eng., vol. 69, 1023, pp. 543-584, 

Kinney, 8. P., “Combustivn of coke at the tuyére level of the blast furnace’: Blast Furnace and Steel 
Plant, vel. 13, June, 1925, pp. 243-247, 
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Fictre 7.—Analyses of samples from tuyére plane 
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FIGURE 8.—Average analyses of samples from tuyére planes of 13 furnaces 
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FIGURE 9.—Summary curves of gas analyses from plane 5 


_—_—— — eo 
——— 


FE Se Se eC 
DISTANCE FROM INWALL, INCHES 


FIGURE 10.—Summary curves of gas analyses from plane 4 
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PRESENTATION OF DATA 
taken on planes 3, 2, and 1 are somewhat novel, they have becn given 
in some detail in Tables 12, 13, and 14, and are plotted in Figures 11, 
12, and 13, respectively. To show how the composition of the gas 
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FIGURE 11.—Summary curves of gas analyses from plane 3 
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—Summary curves of gas analyses from plane 2 
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plane 3 for four days have been taken frum ‘Tuble 12 and plotted in 


in one plane varied from day to day, analyses of gas samples from 
Figures 14, 15, 16, and 17. 
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FIGURE 14.—Curves of gas analyses from plane 3 on November 2 
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FIGURE 13.—Summary curves of gas analyses from plane 1 
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FIGURE 15.—Curves of gas analyses from plane 3 on November 6 
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FIGURE 16.—Curves of gas analyses from plane 3 on November 8 
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TaBLE 10.1—Analyses of gas samples from plane 5, 61 feet 1 inch below the stock 
line and 2 feet 3 inches above tuyere level 


Per cent by volume 


Date Time Distance from inwall, inches = 
COs O3 CO Hs Na 
Jan. 3 1 Fae (0 1 tee en nn Ene re Re 0.8 0.0 32.8 0.8 65.6 
3 TEs VO Occ ce tach cohen, Gaeta eaes 1.4 0 32.8 .9 65.4 
3 TOs eel on ae tetiee ea ceeed wel eames 1.2 7 34.8 1.4 51.4 
3 DD eerie: ete Se re etc ae | 3.1 3 32. 0 8 63. 4 
3 Wb 250s soe stare ge cee Coot ya Sect | 1.2 1.2 32.2 8 64.6 
3 yy Vets" 1) [Cc eee eine eee ns Se Cae 1.0 2 36.5 1.3 61.0 
31 1 De Cc | tne ne ce roa | 1.2 1.7 31.6 .9 64.6 
31 AG Oe a 8 .0 35.2 0 64. 0 
Feb. 11 T2071 Ornk conch on ee cote ene eecba! 0 .0 36. 3 .3 63. 4 
ll | Bp (Se ieT | ane t SRinan se rename ene te | 5 .0 41.5 4 57.4 
11 12, 25) Ose eh cect rn tah eal aaa 0 .0 34.5 1.3 64. 2 
11 DDD Os ad hal ince ten en seco 0 .0 33. 5 1.5 64.0 
ll PD Rese ah ea ocaieet Sou bes 14 .7 35.0 4 62.5 
11 BOAO Ose haere ee ae .2 .0 30. 2 0 69. 6 
ll rTP ae 1 Wl at | eae ee a ei eee eas .0 .0 7.8 5 yee 
12 $2: AO VO Soon ce Soeosnteien ou aewcassceceos 0 .0 32.2 6 67.2 
ANVOCTAPEG 2 Sec hee asses 8 .3 | 33. 6 7 
Jan. 31 V7 8 oer eae eto eee eee 6 17 32.6 .7 
31 PSs Whore Caeser ns eh aca 1.8 1.2 30.9 7 
Feb. ll |...._...-- Bo iin haan de ete at aes 2 0 2.1 2 
11 Wal | Ask ee once geese ees 7 .0 w.8 .2 
il 11. 34 | foe nee hee ise acters | "0 "0 31.7 "4 
PP eee Woe cht! oee oh Nand agree nt tend are | 2 .0 77.0 5 
12 TO i eee Aan ale Mente Le, | 3 2 8.1 0 
12 OSG A ee ne ecto oeessanadene eae ts | :0 0 27.9 6 
12 PB SA ea Nd, Stays aun ee ete | .0 .0 31.0 2 
14 2 20s hetero Ake eee ae 0 “2 20.3 6 
14 7 CTT Gy anne aah il aes Conbe inane | 0 4 32.5 OT 
14 De 2 Aces hae eis eet sees | 0 am) 33.6 4 
15 TDG Be ck he sae een town 2 .0 32. 6 3 
15 12061 | Aes oe acre ee nl me ede | 1 “0 34.7 A 
ANOTDBD ede so occeeelceds, 3 3! 30.6 | { 
Jan. 31 Fags el | 1 eee Pe 4.3 8 25.5 5 
31 | Ge ce (i (| ree aOR peg 6.0 3 23.0) .0 
31 Vo ASG ton oe ose aces 2.6 .2 Qn. 2 1.0 
31 rs ts | | ene na een gn nr Baste | 24 4 31.6 .0 
Feb. 11 12097 10 ooo os cee ee eean ee | .0 <2 26.9 2.5 
11 "ye 4 al | | ean ee ay ere ee Ce aE | 2 .0 20.3 6 
ll P28 Occ aoe eck icauved bas teast. | 5 0 31.6 2 
11 eb (OES on cede se teeta tree tage ie | 1.8 .0 Rf 1 
12 PO 10. eee ee yett: cain aha cde sth atl 4 0 26.5 0 
12 FIO See ce are ec cecamren eta Dkootas 0 2 29.0 4 
12 POA WO sro Seis Ge ie en ee ere Se 3 4 20.4 3 
14 PONG WD issces oo) ccewoeeeeccasnaeea & 3 0 30. 1 6 
14 |e ae i || ee ce re eee nce es 0 0 30.0 5 
14 1295.10. cad saseceuceceesedenurdoeiss a7 0 31.0 4 
16 DP AB i WO hed occ x ccaticind Conti chockens 9 1 30. 0 3 
16 NAT WO ete fete stl ee Se 1.2 0; 2B. 1 2 
Avernage....---.-.--.-.---- 1.4 wl 2. 1 | § 
Ea) 007 i beep 6.7 2, 329 S 
31 hea) VO nos see, eiecetmte Pensa nee eek 6.7 5 | 20. 4 1 
31 To ibee ete eter dcc ese ton eet 7.1 0: 22.8 0 
Feb. 11 23 TA DP 1 ne ie Sot ae | 25 0° 27.7 0 
i VP Vite ect ek eed aters 2, dost cl a an ete 4.2 .0 | 23.5 3 
H VO A eg he dens Nee gee aac heat te te 0 .2 77.7 2 
i 106 ibs orang fave eon mala etek 25 .0 26.9 i 
7 mm © 20 ca (eee ne Rc Ree Oe EN } 2d :0 27.9) a 
12 De PR cc oe Sank he Nod titel aR acta le, aealale 3.2 .0 28.5 2 
12 V2 PO VG vec ho edo hai ee Miatt)e 20 .0 77.6 3 
14 10a 15S! Be 1 ee ike NY A PCIe nes 21 2 2.0 .4 
14 | 2 Ge op | ae earn nl ert fee eee ee 1.6 3 27.2 6 
14 POF inc ceed Oe nee eens a te 1.8 2 27.0 6 
16 D2 AP Di cece clues eee case oon 3.0 .0 26. 2 5 
16 TOA Goat este ates oremene 3 3.2 2 25.9 4 
Average.......-.---------- 3.0 | 25.0 4 


ang amples for October, November, and December in Tables 10 to 14 were taken in 1923, those for January 
ebruary in 1924. Time recorded between 8 and 12 indicates a. m., 12.01 and 3, p. mi. 
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TaBLE 10.—Analyses of gas samples from plane 6, 61 feet 1 inch below the stock 
line and 2 feet 3 inches above tuyére level—Continued 


Per cent by volume 
Date Time Distance from inwall, inches 


fe) 
S 
° 
fe 
} 
2 


Feb. 11 d 1G Uy in? 3 ional penetes apa tae mere ten aeRO Seer Ee 1L7 32 1L7 3 76.0 
ll 12. 18 Q0osccccccidecdeccowe ‘eeuic ae can be L2 0 93 0 1105 

14 12020 1h 202 oe ecto wtb elewee de 8.0 0 18.0 4 73.6 

14 | 2 Van Ing. | a erin arene ont era ene Oe 8&6 0 17.0 6 73.3 

14 1202) D0 koe on tec swecawawccseeceus 9.0 1 17.6 8 72.5 

16 1238 tO ete oe kos eck waa eoccuas 8&0 0 20.0 9 7LI1 

16 V2 SP QO ics eee ote iccch coco 81 .0 21.0 6 71.3 
Average........---....---- 7.8 1 16.3 .5 73.3 

Jan. 31 11295"). 25 koe areecausescsacecoseascs 6.6 .0 17.8 1 63.5 
31 V1 250 2h aioe. coca. ckeoebaxceuces 121 9 126 1 74.3 

31 je We’ 1s ne a es ane 8.4 7 17.5 8 72.6 

31 30 2b oo eo eu toteus ucvooatweuue 15.8 0 3.4 0 180.8 
Feb. 11 AOSD. 6 ha Ses ane en Oe eae 12 2 107 5 67.4 
12 T2017 26 oo ec eee soeeucece 8.0 0 16.7 3 74.0 

14 12 AG 26 ee ee ete 10.0 .3 16.6 6 72.5 

16 12365) 26 casi ees c ce cceseaeasuase 60 .4 18 2 .7 a7 
Average.........-.......-- 7.5 .4 86 0 72.8 

Feb. 11 12-00 | SO ccSeeict tl wics rece cede ceccce 1.7 4 30. 4 67.3 
11 DOO BO oe oe eee 21 .0 20.4 68.3 

14 12. 18 BO eo sae bee tose cane 25 .0 31.0 66.2 

14 PO VG BO tt io eer ta ease 1.3 -0 29.6 tei 

16 12 9080s cle wee watweteclecccsceuee 2.0 .0 30. 4 67.0 

16 y GG 5 ap || ae ae ee ey ae ee 2.0 1 30. 6 67.0 
Average.._..-...22.- 2-88 1.9 wl 3. 2 67.5 

Feb. 11 12506 8622 eee es ai aoceteeel cn .0 2 34.1 .5 64.2 
ll 5-20 sas Fe "<p Seo lei ty eee L7 .2 32.6 7) 65.2 

ll 1200s Bb tou esc Dee eee 2 .7 31.5 .0 67.6 

14 12: 10:) SO eects cor ee oe ee a Oe .6 3 33.0 .0 66. 1 

14 POUL | BO tee cesta ac yee eau ee .0 .4 32 6 .0 67.0 

16 125251536 Selec cc coescs ss Vee catacoeees 0 3 34.2 2 65.3 

16 1226. | $6 ecccec cee cen Gusesercoeccewask .0 .6 33. 5 0 65.8 
Average...............--.- .3 3 32.9 1 6H. 4 

Jan. 31 VE 1G) QO becee ess cet cusevesseeecee .5 .0 32.6 8 66.1 
31 D669) WU senciecoedieslcweccascg canecuon 5 .2 33. 0 17 65.6 

3h TRAD 4. ot hee oc ea oe ee 2 .6 41.3 .0 58.0 

31 TIS) TAO occ eee aac n seaheccees cus 5 .8 34.2 .6 63.9 

31 1 es ©" aa Ue | 0 ice ea eye Rae ees ee eee 7 .0 32.6 .0 66.7 

31 yg) Yeas Uae | 6 Santee ee anne Sy ieee ene Bee rey etree a oe 0 .0 33.6 1.0 65.3 
Feb. 12 |......-.-- Me oto oleate tea Careless. | 2 31.8 5 66.8 
12 T1350 0 Ai os fos Pe ee ea 5 4 32.1 oe 64.3 

12 £204. | 40 coe cece ceveceene 2 22 33.7 3 64.6 

1 Wate ce ons | | Ne AAU RENE ote Ie PR RE, .5 7 30. 9 .0 67.9 

16 12090 AU itera oc Serene 2 .2 33.6 5 65.5 

163 |e scons cases See Me teak Sci acne 4 .3 32.7 6 66.0 
Avorage............-..---- .7 .3 33. 4 ai) 65.1 

_——————— 

Feb. 11 12000) AG 2 os A et tee .0 .2 42.0 3 58.5 
ll 1202 aie re Ph cae Became .2 .0 40.0 6 by, 2 

12 R166 AG ses cece ae ee ea ens see ues 3 ae | 44.0 7 54.9 

14 P20 AG 22 ota cece eee see eaedee .4 .0 43. 7 5 55.4 

16 TOA AGS choke cote orca te 1) .0 40.6 7 5a 7 

16 P20. AG ee ooo bu ates ee ee a .2 .0 42.0 .0 57.8 

16 P2000 AO ote bo see Woo tae 1 .0 43.0 4 56.5 

16 P20) WAG eee cece pce a son's 1 .0 40.9 6 Ra | 

A Verage.................-- 2 ak 42.2 4 57.0 

Feb. 11 LUA: (G2 ew tc tetecs to cape cats 1 .0 44.1 .6 55.9 
11 VS) Gee ere e ee cue vac beau ce wale .0 el 44.0 8 6.1 

11 Doc oe uy oeiodece candice etaueeend 0 .0 49. 2 .5 3 

12 iV Ry aaa (De eg en ne er em 0 .0 43.7 1 54.2 

12 1 ot an a re NO ER OPAC 0 .0 44.4 .0 So. 6 

V2 DOROG +), 62s, ccceenamectereanaecastate 2 0 “4.9 0 ‘9 

14 PAT G2 ee oe else cetbeccesehcese 0 .0 40.9 9 38. 2 

14 |e Pie: Se Unt 39 ag PL BODIE Se CR 0 .0 50. 6 .0 49. 4 

16 196 Us". sa ets 9 ee ee etch Pe an Er neat .0 .0 49. 2 .0 49.3 

16 DT 5GF 950 on oe ee eee ee ae .0 .0 44.0 3 53.7 

16 TNs ||! S2is ee reeves ukee es awenees .0 ol 46.0 6 5a 4 

16 V1 70 << man («eae eae ene er Coen AMP .0 .0 42.0 .7 57.3 
Average........--.-....-.- .0 .0 44.5 5 55.0 


? Not in average. 
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TaBLE 10.—Analyses of gas samples from plane 5, 61 feet 1 inch below the stock 


line and 2 feet 3 inches above tuyére level—Continued 


Per cent by volume 
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IRON BLAST-FURNACE REACTIONS 


TaBLeE 10.—Analyses of gas samples from plane 5, 61 feet 1 inch below the stock 


line and 2 feet 3 inches above luyére level—Continued 


i 
Per cent by volume 


Date Time Distance from inwall, inches 
CO; Os co Bs | N32 

Feb. 14 TOGA Al hl ha toed eee col pet, 0.0 0.0 53.7 0.0 | 16.3 
4 HORT ey ie ch coun te teak aoe .0 .0 54, 2 ie 45.7 
16 11.30 | S4.0.0.00... Rea ne ny pe an te .0 .0 51.6 9 | 4505 
16 Oe) ann See ibe sdea bene see .0 0 53.2 8 46.0 

16 DEB BA res gt ao icy ell ee teil toonn ed 0! 1 54.0 8 4a) 
16 11.33 | M4002... a. enka Gola fts atest ea ee 1 .0 53. 0 9 ! 

16 DOSE ios eet, iets here tea ante Bet od Ny 0: 0 53. 4 ; 5. 
a ot A .0! 0 62.6: a) a 
Feb. 12 Do ss 2a so poate hore ee .0 .0 43.0 | 7! 46.3 
12 [O06 RV neg se 8, eh ates oo aecaeeunnd 5 .0 1 50.6 8 $5.5 
12 TO 99 fOW cae son cube bk an nedretas canner 1 .0 57.2 .8 Fa. 1 

12 W.80 | WOL 0 eee eee ee .0 .0 56.3 .6 43.1 
16 TAO ee foeg ew ee ee on es ecco 0 .0 53.0 9 $6.1 
16 1. 21 | IWyiee x cake dened ob dal cle oa eucen ioe aoe | 0 .0 51.6 .9 47.5 
16 BU AN ah coer atime ett ce gee ome 0 .0 53.0 .8 46.2 
Iti DOP MN tts ok te gia ake vat heed e 1 .0 53.0 .0 46.9 
16 Veg ai OMe ce, Shon ene tee eet ee 1 .0 59.9 0! 48.1 
16 100 | OU eteront cate ee tee eae 2 2 53.0 8 46.0 
Average... 0-2 eee eee | 07 0 | 53. 6 7 | 45.7 

| 
ANALYSIS OF TOP GAS 

Jan. 3 10.00 | Top.__..-...-- ee een ee res: 9.0 0 30. 6 | 1.4 52 
3 2.00 [ooo Fh aie any ne nn Pen nane 9.8 0 DN. 6 2.2 aNd 
31 10. 30 !oooe. NOt oss sintok Geacowiaem occas 10.5 .0 27.6 3.3 | As. 6 
31 140}. 00. Osos eek sedie Day te mek a eat 10. 4 0 29. 4 1.5 Aa7 
Feb. 11 9.40 |o LL. 7h Cea a Ie RO One Rae ane 10. 8 .0 27.6 1.2 61.9 
11 1 Looe. Gestalt cece eet ewes 10. 4 0 20.4 1.6 | 5S. 6 
12 U0 | MOke 2 ia de See ee 9.3 0 27.6 | 1.2 61.9 
12 OM cree COO Se oi ces tei gi ceweeeiceeee 9.3 0 28. 1 1.6 61.0 
1 10.05 |.02.. iene cea Ne teen Teens 9,2 .0 27.3 1.9 ° 61.3 
4 TA) [oases Od sca tee nine Rede attra! 10.0 0 2n. 4 | 2.4 ° "iQ. 2 
16 9.00 '...-- cot bine yen eer laah eereerncs 10. 6 0 26. 0 1.0 | 62.3 
| By Ne 2 | 10. 0 | .0 | 28. 3 | 1.8 60. 0 


TanLe 11.—Summary of gas analyses on plane 4, 44 feet 1 inch below stock line 


and 19 feet 3 inches above tuyeres 


Per cent by volume 


Qe is . 
aes Distance from inwall, inches . 
CO; O; co He | Na 

DS ee oe Sa Ne, es Sencha eh ows atta eee ee a3 00 34. 4 07 64. 6 
Be Sa shar reo aera ra cack oa a Neneh a 1.5 .0 33. 2 11 é4. 2 
DO Nahe eg eet NP Lalit ohne oder ke age Be 1.2 .0 32.8 og 65. 3 
By Aiea pte ee I Sy tei dee a Rr tialaeee enced A nents pian shat, 4 a .0 33. 4 .5 65.4 
Di seed cet adh os ioe) iran Repiaclee ee! iat Oht ed 1:7 .0 32.9 11 64.3 
PO ae let ocr teh rtatgc ch bec loke ud Bagh cas nse dena ole ate .5 .0 34.0 .8 67 
Roe cee tect ote aa AN nth a Ae aete e, 1.0 .0 32.9 7 6.4, 4 
Tok Bice ch eet and ee Oe met atk, yee 1.0 .0 33.1 .9 619 
BD a ee eee nth cw at te ceo ncenha ates os mane 1.0 .0 34.4 .6 64.0 
SETHE. |< pene ie Neale ancien atc ecco moe ene ramen .8 .0 34.2 9 64.1 
CL | ee tenet eG TIN er RT newt oR eS 11 .0 <9 .6 63. 6 
BGO 2 ok telat we k Choe rn ia Skt ao lame Menai aye 1.2 .0 9 .9 4. 0 
cE act ae oleracea Rte sled gh oh ie eka tonnes Ta eer eeciee 1.2 .0 8 9 64. 1 
Bee wee cumtectiane Sem oboe ecsotvin thane es alr De 1.3 0 0 9 64.8 
CRO eas oe etl Lol cept ah oud eke ea eel dnee tas 1.1 0 1 | 63.4 
Ginn or ceed tet cad tb ea he hn we epee Jee Mer, 1.3 .0 AS-7 2 63.8 
PAICWO ces cet tte yah nie ater oem al gm ae md 1.1 0 3.3 2 64.4 
WN TS rc a tga orcad ade eee ae ys, Matte ute astra tions 1.3 0 34.3 9 | 6.5 
BH VQ aire Goh ie ie eee ae oa Me ceed hehe tae ced ad 8 .0 33.5 0 64.4 

139 COLNE ed c8 scales he eee se eels 1 0 33. 6 .8 6.5 
4 | Top gas (averuge)......--------------- eee nee $f) 0 26. 4 1.8 60.9 

144 
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TaBLe 12.—Analyses of gas samples on plane 8, 21 feet 7 inches below stock line 


and 41 feet 9 inches above tuyéres 


Per cent by volume 


Date Time Distance from inwall, inches 
He Na 
Oct. 13 VAG Oosawa eect oui tient ee 6.2 57.6 
19 OO cs toe te a eee ne a a Ae 1.9 58.0 
19 PMO Oise Pee shee eee it aria A Ne ce neal ras ence, Ne 2.5 59.3 
27 RO A NY 8 Sato ne SRE a asen ds eats, Mee I .9 63. 7 
27 NOS 3 SO sie arth cries a ec tS te i al Mas 4.9 60. 1 
Nov. 2 yal | Nt 3 | peroneal Rates Neg aI OD St EN ROUNE Sot oe Pee al 8 60. 5 
2 SOO Osco eee te atte eect il BeOseeccececsi!. | 2aN0 leet ce. soe sd 
2 CO OS ee oF Sane eet bo Ls emo e .6 66. 4 
6 TOM OOS | O25 5 ose eed eas sete eter ede 1.6 61.3 
8 BOS 0 he Sroka ee soe Bot cated ae Ll 60. 6 
& PON: | Oe sass ete Bu ee tase uc sos 4 1.5 61.8 
8 FOS Once deez te boat ete ee 11 62. 0 
8 h A Ss Or ele doe 0 eee ont ere ee PTR on 12 61.6 
10 TOON ti Oi cco cere a he th Sse aaa oea 6 66. 4 
10 105 28 40 Oo el Ge Os Ave heen 1.6 60. 1 
10 10:37. | On 2cctuaoteeen te Sase eae was 12 59. 7 
10 TOSSE Oe oN ee a ain bet tues se Ate 1.3 60. 7 
10 10356 } Ove occas etc ghottemseeteeseuade 11 60. 6 
Averoge...0.2. 2202 eee. 1.8 61.2 
Nov. 6 OST Vi 2 ota cee tel dese tee ssess 2.0 61.5 
6 10402 |i gece ee te heat haat oad 1.0 63. 4 
6 j (0 Ie © ot Ih? 2 ROS ee nO ne rn ae 8 } 
8 TOC 2 eee ta ne Oo ree aera ae. ot 
10 TOSO3 2s oe da eect e lohan eke .5 
10 B05 ok 2c eoah g neti etaoe eae eee .3 
AN OMUPO sss Seo poses eee 3. 
Nov. 2 BOG GO ess lett ha ated ou lia hele a im 4 
2 Bs Wea ihe ha rae a arty ae trl 1.0 
6 ROB es Soe dois Sinan Beane ted oleh ccs 1.7 
$ DO Bi hes et ete tL eae aus 1.7 
10 LOsO4. | -Boac 2oeSeh ew tates tcdesetcet Sees 1.5 
10 BO ANS Bec he Oe ok te ale Bie yee 1.5 
10 106 Wi Bevo sree gee ae Gel even ees 3.2 
10 102548 Wi Seactueutee ees ste u, eeeee uc ese ot 26 
10 TO8S5 sh Bo Soe ws Fe por aes eee at eat 1.9 
10 TOA Be cane eos os wet rattes eet dla ae .6 
10 LO: Se) tsetse te ee etree 1.2 
AVEIRO... 222-22 ee eee 1.6 
Oct. 27 BOE) eels eco ee ete sone tecen i. 2 9 
27 240} Aes oreo tseee ees 3 7 
27 B48) V2 coma teeta eee eee cee .8 1.0 
Nov. 10 10006) 32 aes esate ee ee eeedlen 8 1.6 
10 10, OF V2 a eeacte cee cour aoe ieee 3 1.4 
10 10: OB | 2s et tee lee ies Sheba 4.3 1.6 
10 10700) 125233 A wets vee se eteoes D. 2 1.1 
10 MOOS 2 oe Poser eee ee leurs eee oeeouS 26 1.4 
10 16:50" 12 te ote eee se cca dee ee seee .2 2.5 
10 M00) eas caters Stoned eee eesees 8 2.3 
10 TO) nas 3 erent eee eee .0 2.0 
10 TEO2 2a ete eee exces eseuseeesssoee ae] 2.1 
10 108} desserts eect eee eewece 6 2.9 
AVOCTANC. 206 oon cose cue cee 17 
Nov. 6 1054400 Th pe tetent cece cee eee eee eee 2.0 
6 TOS CTS ee ede ti etees eee Ge eane gen sas 15 
2 2 OBO la cee. Bocce eee ieee eee eet 1.8 
2 2 VO) Vie eee tke Sees ceo .8 
2 y es Lgl [E , Sonnet ee en meee pee ree 1.2 
6 MOU TA ecicidieis tasers Boreal tee ats 1.7 
6 TOS: la dees ee ite oe ee ae 1.9 
8 10: 22 A a te esate ees 1.0 ; 
10 10.08 | 14...----------- pale ain ha eet eh idaindate 2.1 6. 
10 VQ12 14 soot ke Soe eee eee 2.0 oN. 
= Average...-....----.------ 1.6 x. 
Nov. 2 D180! | Wrest eeceteeee ce etieeseeecteee|) || WO 2 awe secietce a 59. I 
8 TOS f 1Gsceree estes ceeetoraedet Such! US 2 eet ae 2.0 5Y, 6 
8 V2 WIG see ceete tite Bee eel | 2A ete .8 60.0 
10 VOLS 4h 16.602 eh nce tees iessncectegcesl) AL ooiceeee 1.4 5,7 
10 1O14: |. 162 2osectee feet eat cece ces Se] 8 OVO oct eee: 1.4 61.0 
10 pT Se Ge (enemies ear re ne iene en eee bh! OER os iene. 3.5 62.3 
AVElOQC 5.5 c2eeeeetccs cece —° W250 eces tee 1.8 6. 2 
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TaBLB 12.—Analyses of gas samples on plane 3, 21 feet 7 inches below stock line 
and 41 feet 9 inches above tuyeres—Continued 


Per cent by volume 


Date Time Distance from inwall, inches 


Na 
Nov. 2 Moh eet be sets seceusea 28. 4 L$ 53.5 
2 DD Scare ached none a ti oiel ne oes che 19.7 29 623 
6 PO od ee eel eee halt ete Maes 32.4 20 60. 7 
10 DO a oh ee Dee ee 26. 0 Li ou. 6 
10 DY is east Weta 42 set ai cheaee ees 25.8 14 59. 8 
10 DMV i6 dad Soon tentc ae Awcdsn ke 25.3 1d 62.0 
Average......--.....------ 26. 2 59.9 
Nov. 2 7 | EE TR Pe SE ee 22. 2 62 8 
2 oes tot ahaa one innee ce 23.2 57.7 
6 DO co erst a Us tclasat hen seeute 22.7 61.5 
6 Die fccask: sesh ae uaa mason 31.9 61.4 
8 BU tn ie teed se cts A eeeu nace 32. 1 60.4 
10 OB i dco haat ance 24.0 61.2 
10 Oe seca A anes eens 24. 2 60. 3 
AVEIABE. cocdosedelebecek 25.8 bw 
Nov. 2 0; Abe sicher et eee 23.7 35 
6 BD aii Sok nee yt eee Ned S 32.6 .8 60.8 
6 OD eset OS cece eee ete 31.9 0 53.3 
& 5) ene eee Nn Rae nnne eel See ae 20. 4 9 G4 
10 9 Se en ei an its PY BENIN CE 8 2.2 3 5u.9 
10 = Reet Oe overt ee ee Sne Se ee ee aI 23.4 .4 65. « 
10 BD Be scat nei eg sniatns ms ao 2. 4 4 oy. 6 
Averuge....22222-2 2 eee 26. 8 1.5 
Oct. 27 5: CR ne eee eae epee eee Se 23. 6 22 
27 ees She et cet ies tence seen! 29.3 1.6 
Nov. 2 NS ie oo acta Datasee eos utesceecats 24. 0 L7 
2 Meech ar ia tat at mela gt 27.8 .9 
2 (See paneer One roe tte a eR aie 25.8 1.1 
6 De nthetes Omiss eae tettal ietwte kts 23.5 1.5 
6 yc NS gaan ee net Gee hen 27.2 23 
8 25; eae oe aan Nee ame eee ee nein re tne 27.0 L4 
10 Deis Sook aaa On vata t eee 29. 0 1.0 
10 SB okie oe es a ee 20.1 1.3 
Average..............----- 27.6 16 
Re eee eee 
Nov. 2 OAs oer tet te Dt a ne gi 31.5 9 a 
6 rag te eniyor ens ie aee ge neta 27.0 21 ap 
6 gv ere een Rene ney en aem 28. 2 17 60 
6 BA 202 he ta aee ns et eeeeeLe 27.0 2.0 ne 
8 Yee pene a es eee | 23.8 2.0 ne 
8 rE aia ne yee hk ee eden 25.2 1.7 BS 
10 Arn Shas Aaa eae te A etaaee | 28. 9 1.6 60. 
10 edd arenes Rae Means 30. 2 1.5 622 
10 7 Ve eee ener e Perth ate Se me EN | 26.6 1.9 2 
Averuge......-...--------- 27. 4 17 
Nov. 2 AG ott a ooce ee eedea sR sete te seen 31.4 9 sit 
6 50 die ih otis eve syle Svea tee ees ta eh eo Sete se a ed ents tat 26. 1 1. 7 63. 3 
10 Fc oe le could Ber ccetag Gana ae Soma 22.9 4.5 605 
10 earl ieee sits a 2 eta 29. 6 2.0 5 
10 Be Meal slam Peder 2 ech Sentai 26. 0 22 622 
10 DO Gt pou oie aoe eeu ha so 27.4 1.6 633 
10 DO eri ald ahaa d he haat Meee 22.9 45 
a wh) 
Average........22...-2-2-- 26. 6 25 ——— 
Nov. 6 OA ag Se yt oie ea ben tease tuee Ay (eee 28. 4 1.6 58.3 
6 DO cend aoeale tac eee ease esau 86: |cacessccs 30. 8 23 60.4 
8 etoile ad Ob ennt a a neuen 1054 f|ceeeuc ane 29.0 .2 59.7 
10 Se | Cee teat ee Ae Pe oe 10" ecleus secrete 31.0 1.4 60. 4 
10 CM ice pear toe Bee ae el tai Tel eotessane 31.0 1.5 61.4 
10 Ls eae een nee ROU Me ens 7 ae neem 29.0 1.9 59 8 
10 eee eee ee Ae ee ee ne eee 10 Voss 31.2 20 
TT 
Averuge.............-..--- Bl lez2or ose 30.2 1.6 a 
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TABLE 12.—Analyses of gas samples on plane 3, 21 feet 7 inches below stock line 
and 41 feet 9 inches above tuyéres—Continued 


é 
Per cent by volume 


Date Time Distance from inwall, inches 


Ha 
Nov. 6 10: 24 | God rc cioeenceeneseceeee weit awe 2.0 
6 1025 | Bbc ee ee othe 24 
10 105346652 2c esc 2 eas eustee sive u cde 1.8 
10 M0585 60 occ ooo ict Sse ced useeeals 1.9 
10 BLOG | -G6 ee og eels ote eee 2.0 
10 BF Goa en See oe 1.9 
Average.....-....-.-..---- 20 
Oct. 27 + Uy 2 | || ee ee ee eee 27 
Nov. 6 TOBA WO iced cid Bosteend a no tacastees 1.6 
6 10; 26.) 6B est of tcc cheese Ce Secmaces 21 
8 DUS): WOO coco o tee ecceuccacccuus sees es 1.6 
10 10:36: | GBs patie ee ee eases s 21 
10 1037 PBB ee re aes sete es Vek Soe ee ee 1.7 
10 A118: GBS ote ete sued ce esck 2.0 
Average.._...--2..-----2-- 2.0 
Oct. 27 BO Oe ia See tere esoecusos Senet ecews 1.4 
( Bo 2s i Co aucect aces do ted place seneeee 6.4 
Nov. 6 105 355 |): 74oc eee oe a eck cucu ous 1.9 
6 10554 Ta ec sc re sence aie 1.8 
8 10.36 | 74........-...............----.-- 1.0 
10 10:38: | 74ers sos os os se scee tees 1.9 
10 TUE." iy ¢ ane en Car re eee 1.7 
10 DAO: PTA nda el oe i ee sees 1.5 
Lets Bt eee sce EO cack ct 2.2 
gee eee teint esieccesesey eo eee 3.2 
Geng Met hate Oe Sake | BNL sere ta Take 1.5 
See Sota ass eco ee Ns | Pt ct et 1.8 
UeGneccretiteesiuseme atest) »  ~ MED eos cai 1.4 
et daa Meet sane A eialuba ste el | = BRR Pouce. ty oe ge 13 
SOR ie eae ar a eee | | EC 22 
Le SE aG cia Goes - - wee terion ke 17 


pot 

\o 

ad x 
SP )_ Ce -OPreZ: ¢ 
wo 


3.4 60. 4 
5.9 64.2 

2.5 50.3 

2.0 61.5 

7 60. 9 

3.1 61.3 

_ 5 63. 4 

22 59.8 

1.3 61.0 

6 60. 6 

1.6 59.9 

| L7 60. 4 

St a Sie ee Wg ey kg eee ae ees 


th [ie Orie ced Bat eto Selo Sarees oe eet 13.3 | hes Snot late 24.9 4.2 57.6 

19 |p eee cere amen en nme rent: 10,6 Vecsoeceese 26.0 1.9 61.5 

Nova Ng ee bao a ae 
: UOM veces Scat se tee eho ccees Goes O58) (sock eee 30. 6 3 58. 

; ae oe hcg ence eee de 10. 4 | Dea cores 29.4 Ls 58.7 
AnH roche an eed ete a eye Meagien Sies ee G2 ae isu. 31.8 1. 57. 

6 Xe Ct (ee ieee ae Ue te ne ne cere Ey eee 25.4 26 62. 4 

8 20 18 nein tenn rete ene ton 10.8 |...------- 2, 2 1.8 61.2 

i: i Gun celrcusbece wan enn aavauea eos 10.9 j......-.-- 24.8 . m8 
UvesowsendenGacdws Vocae ce clesoe cs Bolo sc2.22 30. 8 3 : 

Average...........-.----.- 0:0 essecctese 2B. 3 | 22 60. 5 

a ee 
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26 IRON BLAST-FURNACE REACTIONS 


TaBLE 13.—Analyses of gas samples on plane 2, 10 feet below stock line, and 53 
feel 4 inches above tuyere level 


4 
Per cent by volume 
Date Time Distance from inwall, inches 
COa Os Of 8) Hy Na 

Nov. 9 POSSE WO acts tetera teo es 18.3 0.0 20.7 2.6 5a 4 
4) DONC WAV ta kane Canes oe un adesaae 10.9 .0 20. 2 1.8 64.6 
9 TOSE WO ies ocean on peck cadeee see 14.2 .0 22.6 29 f3 
g TONS 2) Sony eiceeee sei cavele sere. 2 14.2 0 2B. 6 2.1 | 
9) TOV AO WA) 2 cen ee Woe eee eee ei 14.0 .0 24.5 22 iu.3 
) ; ER | ar | amet gn cae el ree eee eater ret 10,2 .0 18. 6 22 (4.0 
9 NT NG ie is eons theres oc aan atone tae wee 19.1 .0 19.3 3.9 7.7 
9 POO: A cet ct ec cn atu ee, Saas Saw 17.2 .0 20. 7 2.0 ot 
9 MAG VO Seo Bate re a Mi cies baa BEE aerate 19.3 .0 19. 1 29 S87 
y FiOS: UO oe teen abet oe taco eet 17.5 .0 20. 4 22 59.9 
13 Weta 0) iaccaks et tase da nr ak secu Sa sd 12.2 .0 24.4 6 62.8 
13 PEO AO ccs creel cae wiausd wine ecu cowene 11.8 .0 2A. 3 1.6 62.3 
13 TOTO aise cence le dace auGe Saude cane H.5 0 25.3 1.6 61.6 
1h | Ele, | SI Ne | ene aia neon OU eP i era pS 11.2 .0 26. 4 1.4 61.9 
15 POOLS WOecbo lone e cle ea tou 11.3 .0 25.9 1.3 61.5 
15 | aaah I | SS eae apena acres ae nec ene renee eae 17.6 .0 20. 3 1.7 fl 4 
15 MO Ge JO. reiot ctilae en a Des eennette as 17.1 .0 20.9 1.5 fa. 5 
Averngo....-----..----.--- 15.1 0 22. 2 2.1 fA. 6 

Nov. 9 VO. 386 IW Gece sate se tac n Sess teocs aca 13.5 .0 24.2 2.1 fale 
A eects eel d acete yeh ae oe err, Tok te igs eee 15.2 .0 22.9 2.5 au 4 
ft) TOA Meet ne ee aaa eet as 17.9 .0 20. 4 3.2 m9 
13 VL? Dee te eee oe oe 12.5 .0 23.3 8 (3.4 
13 POR WW Bore ee rue ta tae ce ae 12.1 .0 24.4 1.5 A210 
15 DO UA asses hae ie eg alin hae 10.2 .0 27.4 L3 fl. 
15 DG. hc colon) te weetalt wed nations ome: 10.8 .0 26. 6 3.2 au 4 
DG) Ee0* 5] Seoces tee eusaeadotada cance 11.7 .0 26.0 1.5 ae 
Retna 

Average._..-.----.-------- 13.0 .0 24.4 2.0 fi. 6 

Nove Ol) (4042 V0 eee ese see see cce eds 16.1 0 22.2 21 ot. 6 
ON AO: Whose oe ae oe eden aacuae 16.4 0 21.8 2.0 AS 
PAN AQT Wes ona oe tee uiee tae Las 12.1 0 26.8 1.3 oi 4 
13 Wi OO* | Gites a onset Oe Ros cease es 12.6 0 Pe. i een Pemeeert 
TSS 22 0B) Pe scck sn aie eee aia at 12.1 .0 25.4 1.4 ald 
72 lee Fs. | anh) | epee ee anew ere rseiey ete Mee eteaten 9.3 .0 26.6 1.9 ieee 
15cl’ aoe Qe ea eet ek eke 13.8 .0 21.1 27 024 
amare 

Average....--------------- 13. 2 0 23.9 1.9 | Ab) 

Nov. 9] 10.28 | 15_.....-0.------eceee ene ee neon 14.6 .0 23.6 1.9 7 
9 17 tee al || ee ee ee NERD 14.6 .0 24.0 2.4 a 
Poli PAT he eis See ace 13.2 .0 23. 4 1.4 a 
180? SUIRGT se ecko toca ete arta tees 12.9 0 21.2 1.5 6.4 
DS) CO) Niece eke eee ae 12.4 .0 24.6 1.5 a 
A Fm os 1s ea, ecm Pee 11.9 -0 25.2 1.5 
15 Fe care ie nee ee ieee Ne Gee te 14.2 .0 23.6 1.6 ie 
1 De WAG eee es Sie en fuk 14.5 .0 22. 8 2.0 3 
15 12S Wi Sesser designe ds eect cromecei aes. 12.5 .0 25.8 2.4 3 
Oo; 3.8 eu 

Nov. 9] 10.10 0} 210 2.0 oe 
9 10, 16 .0 24.2 1.5 ALS 
13 11.39 .0 22.8 1.8 ae 
13 11. 40 .0 2.8 1.4 at 
13 11.57 .0 27.5 1.4 aL 
13 12. 05 -0 24.8 1.2 al 6 
15 11. 25 0 2B. 8 6 fil 
15 11. 25 .0 2.4 1.9 ark 
15 12. 02 0 24.8 2.3 pee 
‘ (0.4 
0 24.0 Oe] hoe: 

: SS. SS ee eS EES 50,1 
Nov. 9 HOARE 90 c 2oe tht Go ou teowns see ace 13.0 .0 25.8 2.1 70 
9 TURES | ee ee een a 14.3 .0 25. 4 1.5 56.5 
9 MOAR: Ope oe toe tau eeu eae cue Lae 15.4 .0 26.0 21 50.9 
) OSA 02 y or eaoh ream arcs tne ae Peat 13.9 .0 24.0 2.1 61.7 
13 9, | ee pease a eect ree ee ietenreyaek Oeret 13.0 0 24.0 1.3 60.5 
13 VA (Cas 7 ae ne gO er eee er ye 14.2 .0 23. 6 1.7 50 § 
15 Vg NO piccetua Seed etiam et een oe 14.2 .0 24. 6 cr 0.0) 
15 1206 i 7a oe heed a eee iene eee eet 15.2 0 23.2 

AVCrage.--..-....--------- 9 | 24.6 1.9 | 


| 
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TaBLE 13.—Anatyses of gas samples on plane 2, 10 feet below stock line, and 53 
feet 4 inches above tuyére level—Continued 


Per cent by volume 


Date Time Distance from inwall, inches 
CO; Os CO Ha Ns 

Se a a ee 
NowiG))> 10:86) 98sc cteceecoccke toecietaeecosen. 12.2 0.0 26.8 21 58.7 
Gs) OMO HSS ntcccgocesced ce reo occm ees, 14.4 .0 26. 0 21 60.9 
OQ} 10:49 4 83. noc cc ce cee cece nce veseceee 15.0 0 22.8 1.3 57.4 
WBN SELS40 83 eee cisackc che owacenc seek 13, 2 .0 22.8 1.3 62. 6 
1B PERO, VAS ei ee eetene ths seve oteoecee 14.1 .0 29.8 2.1 61.0 
Pot) OD AG eee ie 14.4 0 22.7 1.3 61.6 
ESE Ome |. Sake © Sac amn anne te OR ee eage ENO NN 13.9 .0 3.4 2.1 60. 6 
16 oh: AV Pt G88 ca tye ua Os ha ek tae heats 13.7 .0 3.4 1.9 61.0 
Pea PR BG cece eee stots mane tens wl eee 14.1 0 25.2 2.7 58.0 
Average......---.--------- 13.9 0 24.0 | 1.9 60. 2 
Nov. 9! 10.51 | 39......--.---0---.-ccee eee eeeee 14.1 0 24.9 20 | 59.0 
Ob, 1052 (80 cee oeet isc cae ewtidacds Uu.5 0 27.2 1.6 59. 7 
QO) 3054 130... ee lee eee 12.8 0 27.2 2.6 57.4 
PG A AG ta ene Oo nee 13.1 Al 24. 2 aa 62.0 
3, TASS OO a eth ected 13.1 0 22.9 3 63. 7 
V3 (9201. 99 ee ae eee we ce 4s 14.7 -0 B.9 1.6 59.8 
Ta PPS02- BOs ac orc cus ep toeenece 14.4 0 24.6 1.4 59.6 
a es We - e Ip IO CD RIE OR en et 13.1 0 24.6 23 60. 0 
P5c PROO. P80 5 oes cue ite ene oe cme a 11.6 0 26. 4 1.5 | 60. 5 
Average...........---200-- 13.1 0 25.1 | 1.6 60. 2 
Woes Vie Abe oetatcn, inkesetetaten tog jhe 14.0 0 25. 0 12 | 59. 8 
Te: TOON WSs ce ns eon ot tnoe ce etene ed 14.6 0 24.2 5 60. 7 
13°). $1208. | AS hoon oeuacecsecccicwecee. 14.0 0 24.4 11 60. 5 
Vi PU OG VA eet ene coe, coats l eee 11.2 0 7.0 21] 59.7 
Gh AA AO: 3 AG ocr erea ak pitas Gk secant gee ce 11.0 0 os 1.9 | 59. 6 
ee Ae SOs a6 ey cg hing ite see aes 9.0 0 2% § 1.3 | 60.7 
Average....-..------------ 12.3 0 | 6,2 14 60. 1 
Nov.13) 11.44 | 51. -.2-.2--202---eeecee cece eee 13.0| 0 23.8 itr. 61.5 
Wc ATS, GT ccc haley ha ewe 13. 1 0 251 15, 60.3 
$90) G6: | Slee oo cece ae eases 13.3 0 24.5 1.4) 59. 7 
1B). bee Slee Soe sce toe ect a ee 13.3 0 24.7 1,2 | 60.8 
Wo) TE: | Dlseo ai 2o08 cece pte oaemce eset: 9.9 .0 28. 6 2.0 | 60. 5 
Pou WIPGO AW SI ee ce es tcc eect ee ks 9.2 -0 28. 2 1.3 | 61.3 
50 PES Gln tea aie oid chen ae 7.9 0 20, 6 Lz" 59.8 
Average__...--.--.-------- 11.4 ) 26. 5 | 1.5 | 60. 6 
Nov.13 | 11.18 | 82. cc. -cccccc cece ccecececceecees ine 0 25, & | 1.6 60. 9 
Ea Os 1s Es © Sas I IR ep PRA 6.9 0 34.0 1.9 57.2 
Ta? Dp e58) Se wie eo ee eee an eae ae | 5.9 -0 31.0 1.5 61.6 
AVOrage.....-..--- eee eee 81 0| 30. 2 | 1.6 60. 1 
Nov.13| 11.46 | 63...--...----------2ee-e-e-- eee 10.9 | 0 28. 8 | 3 60.0 
fs Ream EF (sg ON ene 11.4 “0 26.3 1.6 60.7 
ec ARs © Ohi er < ee en eo rER n 11.2 0 25.5 11 62. 2 
PR) NC BS 63a te ue et en es an eee an 4.2 0 33. 6 La 60. 5 
Toe VPs 36 PR one ser eee ee ene, 5.6 ‘0 31.8 1.6 61.0 
154)) TS. Go eee atte ee 4.8 0 32.) 1.6 61.5 
| AVOCTage@_.. eee 8.0 0 20.7 1.3 61. 0 
Nov.13! 11.47 | 60.__..........-------- eee eee 10.6 0 28.2 | 1.3 50.9 
13 | Ls Gee ate este ee tes aN cane 2 &.2 .0 20. 5 1.3 61.0 
aa | os Ln ae ee ieee ene 9.6 0 3 1.4 60.7 
UCSIMIIRG | TC's Or ene RANI 12.4 0 26. 8 1.2 59. 6 
15 Vi 85: i GO Sen oceeceta cee he ie dala ue hme 4.8 .0 32.2 1.6 61.4 
15 11.36 | 69___._. hepa So ares he AR enol 3.5 .0 32.2 2.0 62.3 
De NO OO ace. eats ede tee emetnglst 4.9 .0 32. 8 1.60 60.7 
Tah, ANOS, OB sence eta eee tein eae ves 3.1 0} 35.4 13 | 60. 2 
Average. ..._...-...------- 7.1 0 30.7 1.5 60.7 
Nov.13 |} 11.43 | 75.......................-------- 1.7 0 31.4 1.2 50.7 
ieee Or <- eG a 7.2 0 31.2 1.6 60.0 
MO) AO 75. saseSwedeuesea teen en tastotexs 7.4 .0 31.6 1.3 59.7 
DO) ISB bance apache daa et eh ok 4.1 0 31.0 17 63. 2 
BO TBO G5 oe oe aes yee Pot esc 3.1 0 34.2 1.6 61. 1 
AVOUIEC noo ce eee wecet es | 5.9 .0 | 31.9 18: 60. 7 
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TaBLeE 13.—Analyses of gas samples on plane 2, 10 feet below stock line, and 53 
feet 4 inches above tuyére level—Continued 


1 
| Per cent by volume 
Date Time Distance from inwall, inches 
COs; | O: Co H; N3 
Nov. 13 11.49 | heen a eee RET ee ene TS Oe ree 4.0 0.0 32.3 1.8 61.9 
13 ry eae (1 | en a gy IVP erser ogee 8.0 .0 28.9 1.6 | 61.5 
iB! Diy MRL ee ee ee 31 0 30.3 18 £9 8 
ey Do el) eee ene iene eee 4.2 0) 34.6 17 54. 5 
15 Theale st ace wht aks meee aes as eee 2.4 0° 34.4 1.6 6.6 
BGR TS co Be eee ivetlca teen tiaet 27 0° 34. § ) 
| ty 81 A ad 2. 0 34.8 1.9 60.5 
; ANMOCEIZC 2. co vutelecctece i 1.9 .0 32. 6 17: 60.3 
t ———_—_,_ 
Nov. 13 |B GR URE I eee ene at ed See eee PRT Ree 6.2 .0| 32.6 1.8 5a. 4 
WS. VEG 2) Spe eiek dee ens hatte So met cece 6.4 .0| 31.4 1.4 60.8 
13 Ts BGs PBT lk wholes ule ete ata Be 7.5 .0 | 31.0 | 1.8 59.7 
(6b SPP G8 hee ce ees oe 6.3 ‘0 32.2 17 39.8 
15 EROS WR eee oc ere ace ee ne 6.0 .0 32.0 | 20 60.0 
Ty Tae VEN Cae ateas anita nara cegaeaes hae 5.4 .0 32. 2 1.6 59.8 
15 Db G2 Bice el stch eta neyo ah dane. 4.2 0, 32. 2 1.9 61.7 
| AVOCABG cee cscs sede 5.9 | 0! 32.1 | 1.7 | 0.3 
Nov. 13 |.......-.- Oita el Moe ot eee 4.6 0 32. 4° 1.6 61.4 
HOt TIGA OPUS iat ae wet det ne teri tet Aet 6.9 | 0 29.9 1.0 22 
15 VASAT NA reece canoe te oh tee nc 6.6 5 .0 31.8 8 6.8 
15 DA ACU ne: Se Foe os, a pen ee ee, ae 6.6 .0 31.8 1.7 59.9 
15 Re ae es eee eee 4.2 0 32.2 1.4 62.2 
Poh occa OB ae et micente, Kea tie nat | 4.1 0! 32. 6 1.9 61 4 
AA VERORO cect fue ceed en 5.3 0 | 31.7 f 1.4 61.4 
1 See 
Nov. 13 |..-------- WO See os ance Palen tous kak 3.1 .0 | 35.0 1.3 | 60.7 
DG TI Se OG aa att eels octet eg ed eects 6.1 0 | 31.6 21 4 
D5 och PMO cae se eke eee 4.1 01 34.2 | 1.4 5s 4 
Average..........-..-..--. 4.3 0 | 33. 6 1.6 60.5 
Nov. 13 |.--------- TO sare ettet et Vole he at 21 | 0; 352 19; wes 
1B sea TO espa e see entra tide at nee 5.5 0 33.6 sera ‘2 
| eer TO Geen seat tee tea 6.2 0 32.2 1.6 | 60.0 
Average.........-..--..-.- 4.6 0 33. 6 1.7 | 60.1 
! a 
ANALYSES OF TOP GAS 
| i 
Nov. 9 QUAD) 2s okla em ata taneous eal 9.5 | 0.0 29.0 1.5 60.0 
9 TAG re hace erasers tho ae ree hele v4 .0 28. 6 L5 65 
Q IN) re ay ctauits ule ete nadie ede otra hehe 9.3 .0 1 1.6 61.0 
13 OAS ivuass eet AAG ies Meth hha ol el ewe 10. 1 .0 26.0 2.0 61.9 
13 TOLAN a Seer See eee plbese CGS oun ctf a 10. 0 .0 26. 8 20 61.2 
13 LAOS acetic Ora censbaseee tau wees 11.2 0 29.1 1.3 58. 4 
15 D0 aos es eewised oats tees 10. 4 .0 m4 20 59.2 
15 LOG sie sacose eases sees eaacteumestaued 11.3 .0 28.8 24 57.5 
| AVerage......-..-----6---- 10. 1 .0 23.1 1.8 60.0 


TaBLE 14.—Analyses of gas samples on plane 1, 3 feet below stock line and 63 feel 
4 wnches above luyeére level 


Per cent by volume 


Date | Time Distance from inwall, inches 
! COs Os Ni 
a hse ete! Ms! 

Oct. 13 ValGe Olea tectetee tet an oe toe te he 10.7 0.0 27.6 32 58.5 
Nov. 20 TaN” ee | ne een nn RP I nnn em 12.6 .0 24.0 1.6 61.8 
0) TOO Occ cede, eh a a cade oenenac ue 10.9 .0 28.4 9 62 8 
20 WOO) 0 ogee earn Psi tostee nies cece scales 8.8 0 27.4 16 62 2 
20 BohN . Wascoccueueoet vse esenuces - 12.0 0 23.1 8 64.1 
20 VUE ae | are neon ae cer ne eter eae 12.4 .0 2.8 1.5 63.3 
30 OOO cee ee ee 10. 2 0 26.4 21 613 
30 QANT Weatate ok hula tenuate stack 9.5 0 27.2 1.3 620 
30 EO ce coh neat pans atc aati ountiaaiaed 10.1 0 29.8 1.6 58.5 
30 GAG; AO. nc ocak o eemdase Loaner ee 9.6 0 25.6 1.8 60.0 
30 BAB e dda al htt cee ecg es 10. 1 0 29.6 1.8 58.5 
Reece 
Average........-..-.------ 0 0 28. 5 61.2 
u ——=_—— 


Google 


29 


PRESENTATION OF DATA 
TaBLeE 14.—Analyses of gas samples on plane 1, 3 feet below stock line and 63 feet 


4 tnches above tuyére level—Continued 
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ére level—Continued 


TaBLE 14.—Analyses of gas samples on plane 1, 3 feet below stock line and 683 fee 
4 inches above tuy 
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OF DATA 
TaBLE 14.—Analyses of gas samples on plane 1, 3 feet below stock line and 63 feet 


PRESENTATION 


4 inches above tuyére level—Continued 
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ANALYSES OF TOP GAS 
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The average of 44 samples of top gas taken during the period of gas 
Go gle 


sampling on planes 1 to 6 is 
cent; H,,2 percent; and N,, 60 per cent. 


32 IRON BLAST-FURNACE REACTIONS 
MISCELLANEOUS GAS SAMPLING 


Table 15 gives analyses of a number of samples that were taken 
through hole 1 when the center of the stock line was below the level 
of the hole. Figure 20 shows the position of the sample tube in 
respect to the stock line. The end of the sample tube is at the center 
of the furnace, just over the stock. 


TABLE 15.—Analyses of gas samples taken al center of the furnace on top of the stock 


Per cent by volume 


Date 
CO; Oy O Ha N3 
ING V5 20 artis ett is ea oe i eee) 21 0.0 36. 0 L3 60. 6 
24 .0 33. 8 L2 62.6 
L6 .9 35. } L4 61.9 
1.9 .0 4.2 L6 62.3 
L0 .O 35. 6 2.0 61.4 
IN OV :.30 fee on ease cee et oiecttvorceceewuny 18 .0 3H. 2 L8 62.2 
L8 .O 4.6 L6 2.0 
2.2 .9 344.0 L4 2.4 
2.0 .0 34.8 16 61.6 
L8 .0 34.2 1.8 2.2 
16 .0 4.0 20: 2.4 
1.8 .0 35.8 2.1 | 60.3 
A VOTARG owing acre asda wiccsveeie scene ccascdesescce L8 0 : 


r 
al 
R 
-_ 


After cast, when the furnace was dry, a gas-sampling tube was 
inserted in the cinder notch. Samples taken on the edge of the wall 
and at‘a point 3 feet from the inwall gave the results in Table 16. 


TaBLeE 16.—Analyses of gas samples taken through cinder notch 


Per cent by volume 


Distance from inwall, inches 


O; co He | Ny 
Ose faces atts hae nee behets eee 0.0 0.0 35.4 0.8 | On) 
aaah pe nt ale aha eI SL AT 6 DE 2 0 35.9 ae 63.6 
Bie pee eta ee eee ee ee 0; ‘0 35.2 1.2 3.4 
Bi caer ice ot ees eed ates hae ocak it | 12 0 35.6 2 64.0 
AVOCPARC. - 80 ooo eee eee cece ccc cece cee 1 0 35.5 6) 63.8 


DISCUSSION OF RESULTS OF GAS SAMPLING 


During 1922 a series of gas samples was taken at the tuyére plane 
of 14 blast furnaces; Perrott and Kinney * reported the results at 11 
of these. The results showed that the combustion of coke in the 
blast-furnace hearth is complete some 32 to 40 inches from the nose 
of the tuyére. This distance is measured on a horizontal line between 
the center of the nose of the tuyére and the center of the furnace at 
the level of the tuyéres. In the discussion of this paper the question 


3 Perrott, G. St. J., and Kinney, S. P., ‘Combustion of coke in the blast-furnace hearth”; Traps. Am. 
Inst. Min. and Met. Eng., vol. 69, 1923, pp. 543-584. 
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was raised as to the height at which oxygen is to be found vertically 
above the tuyéres. It was suggested ** that the combustion zone 
turned upward near the tuyére and extended to a point high up in 
the bosh of the furnace. To obtain an answer to this question and 
to make comparison with the gas samples taken at the experimental 
blast furnace at Minneapolis, the sampling of the tuyére gas was 
supplemented by the collection of samples from a number of planes 
between the tuyére plane and the stock line. 


RESULTS OF SAMPLING AT THE TUYERE PLANE 


Table 9 and Figures 7 and 8 give details regarding analyses of gas 
samples from the tuyére plane. Distances are indicated in inches 
from a point at the center of the nose of the tuyére along the center 
line of the tuyére. The samples were taken through tuyéres 5 and 
11. The curves, Figure 7, show the results, and Figure 8 offers a 
comparison of the results of tuyére gas sampling at 13 other furnaces. 


COMBUSTION OF COKE AT THE TUYERE LEVEL 


Sampling of tuyére gas at this southern furnace and at other 
furnaces has given a definite idea of the penetration of the combustion 
zone toward the center of 
the furnace. Figure 18 is 
a horizontal section of the 
furnace at the tuyére level. 
The combustion zones, 
shown as ellipses, are labeled. 
In the central zone,'* 82 
inches in diameter, no com- 
bustion is taking place. As 
no samples were obtained 
between the tuyéres in the 
hearth plane, the exact 
shape of the combustion 
zone is unknown. In 1893, 
Van Vloten* found that the 
gas in the tuyére plane be- 
tween the tuyéres had the 
composition of bosh gas; this finding showed that the combustion 
zones in the furnace investigated did not overlap., Van Vloten’s 
results have been discussed by Perrott and Kinney." 

t¢ Rose, H. J., ‘Coke structure and combustibility,”” presented before meeting of Eastern States Blast 
Furnace and Coke Oven Assoc., Pittsburgh, Pa., Oct. 5, 1923. (Not published.) 

Johnson, J. E., jr., Principles, Operation, and Products of the Blast Furnace. Part 1, 1918, 651 pp. 

se Designated zone } in the discussion that follows. 

% Van Vioten, W., “Die Verbrennung in Gestell des Hochofens’’: Stah] u. Eisen, Jahrg. 13, 1893, 


Ppp. 26-30. 
Perrott, G. St. J., and Kinney, 8. P., work cited. 


Figure 18.—Plan of tuyére plane, showing 
penetration of combustion zones, a 
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From a study of the gas analyses in the tuyére plane (6) and in 
plane 5 (27 inches above the tuyéres), Figure 19 has been constructed; 
in it a vertical section of the combustion zones is marked a and a’. 


CONCENTRATION OF CARBON MONOXIDE AT THE CENTER OF THE 
TUYERE PLANE 


FUNCTION OF ZONE }b 


Figures 7, 8, and 9 show the high concentration of CO in the center 
of the furnace. This may be due to (1) the formation of cyanides of 
other reactions producing CO, the so-called direct reduction, and (2) 
the low velocity of the gas stream in zone b. The velocity of the gas 
is highest at the nose of the tuyére and in zone a, and at a minimum 
in the center of the tuyére level. If the velocity is at a minimum in 
zone b, reactions which produce CO from C of the coke and from O, 
of the charge will have a disproportionately important effect on the 
composition of the gas. For example, the formation of a relatively 
small amount of cyanide will dilute the nitrogen and increase the CO 
content of the gases passing through zone 6. If gas flow and composi- 
tion were uniform across the tuyére plane, the CO content of the gas 
at any point in the plane should not exceed 34.34 pcr cent. It is 
interesting to note that this was true with the Bureau of Mines 
experimental furnace at Minneapolis,” where the hearth area was 
covered by the combustion zone and no zone similar to b was found. 

The high content of CO in zone b was due to conditions that existed 
only in the tuyére region, as is evident from the analyses of gas 
samples taken on plane 5. Plane 4 (see Table 11 and fig. 10) is 19.25 
feet above the tuyére level. The average CO content of the gas in 
zone b decreases as plane 4 is approached. On plane 4 the gas 3s 
practically bosh gas; this fact suggests that the gas high in CO from 
the center of the furnace is mixed before it reaches plane 4 and that 
the presence of high CO in zone b below is due to the formation of 
CO by relatively minor reactions in an area of such low gas velocity 
that they cause no noticeable change in the composition of the gas 
in plane 4. 

Whether or not zone 8 has any valuable function is doubtful; the 
furnace might work more efficiently if this zone were absent. The 
authors have shown by relative temperature measurements with 
water-cooled sampling tubes and by actual thermoelectric measure 
ments that the temperature in zone 6 is lower than in zonea. Table 
21 gives the temperature measurements. The formation of cyanides 
and so-called direct reduction take place in this zone. The flow of 
stock and of gas is at a minimum at zone b. 


17 Royster, P. H., Joseph, T. L., and Kinney, S. P., ‘Reduction of iron in the blast furnace”: Blast 
Furnace and Steel Plant, vol. 12, 1924, pp. 35-38 . 
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DISCUSSION OF RESULTS OF GAS SAMPLING 


GAS SAMPLING AT PLANE 565 


Table 10 and Figure 9 show that only a trace of oxygen (0.4 per cent 
or less) was found at any point in the line of sampling on plane 5; 
this indicates that the oxygen has been consumed in the process 
of combustion by the time it reaches a plane 27 inches above the center 
line of the tuyéres. | 

The penetration of the combustion zone in a vertical direction is 
practically the same as that in a horizontal direction at the tuyére 
level. On the tuyére plane the oxygen disappears at a distance’ of 
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FIGURE 19.—Approximate size and shape of combustion zones 


30 inches measured on a horizontal line drawn from the center of 
the nose of the tuyére to the center of the furnace at the tuyére level. 

Figure 19 shows the approximate size and shape of the combustion 
zone. The volume represented by a is that part of the combustion 
zone where free O, is found, and volume a! is that part where CO, 
is present. The free O, has been consumed before it can enter the 
latter zone, 

Outside of this zone (in b) both O, and CO, have disappeared; 
the gases in the bosh, especially near the combustion zone, are com- 
Posed of CO, H,, and N,. If no secondary reactions, such as oxida- 
tion of CO,, so-called direct reduction, or the formation of cyan- 
ides, were taking place in the bosh of the furnace, the gases in the 
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bosh would have the composition of bosh gas—34.34 per cent CO, 
a little H,, and the remainder N,. However, such is not, the fact; 
these secondary reactions and poor circulation of gases through the 
bosh play havoc with the gas composition. The variation in com- 
position of the gases at the level of sample hole 5 is shown in the 
curves of Figure 9. At the inwall the gas has the approximate 
composition of bosh gas; 14 samples are shown in Table 10. The 
analyses in Table 16, taken at the cinder notch, showed a similar 
composition. 

On examining Figure 19 and the curves of Figure 9 the reader will 
see that the line of gas sampling on plane 5 cuts through the top edge 
of the combustion zone in front of the nose of tuyére 10, as is shown. 
by the presence of 7.8 per cent CO, 20 inches from the end of the 
water-cooled plate. The percentages of CO and N, change accord- 
ing to the percentage of CO, present. At a point 30 inches from 
the nose of the plate CO, has again disappeared and N, and CO 
again adjust themselves. 

As the center of the furnace is approached the N, decreases and 
the CO increases. These changes are fairly rapid, but are not as 
pronounced as those taking place at the tuyére level. The N, is 
higher and the CO lower at the elevation of plane 5 in the center of 
the furnace than at the tuyére level; this indicates that the circulation 
of gas is slightly better at plane 5 than on plane 6. 


GAS SAMPLING AT PLANE 4 


Plane 4, which is 19 feet 3 inches above the tuyére plane, might be 
taken as a dividing line in the furnace, for most of the reduction 
takes place above it. Below this plane the gas and the necessary 
heat for the reactions are produced and the remaining oxygen is 
removed from the charge. Examination of Table 11 and Figure 10 
shows that a uniform gas composition exists at plane 4. The CO 
content of the gases is about that of bosh gas—34 per cent CO and 
66.0 per cent N,. No free O, is found on the plane and analysis 
shows but little CO, Because the reduction takes place in the 
lower part of the furnace, the gases at plane 4 contain a slight excess 
of O, in combination with C. The excess O, in the gases at this 
plane is of course present as CO, due to the temperature. 


FLOW OF GASES AT PLANE 4 


The gases on plane 4 have a constant composition; however, !t 
can not be said from this that the flow is uniform throughout the 
plane. The gas flow is probably at a maximum in the center of the 
plane and at a minimum on the edge. This condition is due to the 
effect of the center zone b, the downward flow of solid materials to 
ward the tuyéres, and the porosity of the charge in the center of the 
stack, 
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GAS SAMPLING AT PLANE $3 


Experience has shown that gas samples taken at the inwall may or 
may not have the same composition from day to day; it has also 
shown that such samples do not represent conditions existing a short 
distance from the inwall and by no means those at the center of the 
furnace. To obtain comparable and representative results it was 
necessary to take numerous duplicate samples on any radius tested. 
These samples have been duplicated on one and several days, at times 
when the furnace was believed to be working normally. ; 

Analyses of gas samples on plane 3 have been given in detail in 
Table 12 and plotted in Figures 11 and 14 to 17, inclusive, so that the 
reader may have some conception of the degree of variation in results 
from day to day. Table 12 and Figure 11 have been prepared to 
show the average of results obtained, while Figures 14 to 17 indicate 
the daily variation. 

Figure 9 represents, in a measure, the reduction that has taken 
place between planes 3 and 4. If the reader examines the analyses 
of gas samples on plane 4 (fig. 10) he will note that the composition of 
the gas throughout the plane is constant; the approximate composi- 
tion is that of bosh gas, except for a little CO,;. Some reduction 
has taken place below plane 4, as is indicated by the CO, content of 
the gases and the small excess of O, present. 

Conditions are different in plane 3; part of the ascending gas 
stream has reacted with iron oxides to produce CO,, but part has 
not reacted; consequently the latter has approximately the same 
composition as it had at the elevation of plane 4. 

The CO, curve of Figure 11 shows that for 15 inches from the inwall 
the CO, has increased rapidly. From this point to 50 inches there is a 
slight falling off, and a more rapid decrease as the center of the furnace 


is approached. 
DAILY VARIATION OF GASES 


Figures 14 to 17 show the daily variation in the reduction at plane 
3, and the reader will note that the curves are similar in form. The 
CO, increases with distance from the inwall, but at a point 40 to 
50 inches from the inwall the CO, content declines rapidly. The 
distance of this point from the inwall varies from day to day and from 
hour to hour. This fact distinctly indicates variation in the working 
of the furnace; at one period the point of maximum CO, is near the 
wall; later it is nearer the center. In general, the curves have similar 
characteristics and probably represent a condition existing on any 
radius. 

It is significant that the extent of penetration of the combustion 
zone on plane 6 (tuyére plane) is also 40 inches, that is, directly 
under the zone of active reduction on plane 3. 
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GAS SAMPLING AT PLANE 2 


Table 13 and Figure 12 show that the curves have the same char- 
acteristic shape as those for plane 3, which is 11 feet 7 inches below 
plane 2. The CO, curve indicates that the gases containing most 
CO, are near the inwall. At a point 40 inches from the inwall the 
CO, content of the gases diminishes rapidly until the center of the 
furnace is reached. The CO, content of the gases in the central part 
of the plane is approximately one-third of those near the wall. Table 
13 gives a number of examples of gases which contain notable quan- 
tities of CO,, namely, 19.1, 19.3, and 18.3 per cent at the inwall. At 
3 inches from the inwall, 17.9 per cent of CO, is shown, and so on. 
The CO: CO, ratio is 1:1. At the center of the furnace the average 
CO, is 4.3 per cent. Comparison of the results shown in Figure 12 
for CO, for a distance of 40 inches from the inwall with those shown 
beyond that point shows that the CO, is decidedly lower at the center 
than near the wall. 

The analyses of samples of top gas in Table 13 show that the aver- 
age CO, in this gas is 10.1 per cent. If the reader examines the 
CO, curve in Figure 12, he will note that the part of the plane in- 
cluded between the 0 and 40-inch points contains gases carrying 14 
per cent of CO,, the average of 77 samples taken on three different 
days when the furnace was working normally. In other words, the 
CO, content of the gases in one part of the furnace is much greater 
than that of the top gas. 

Why is it not possible to extend to the entire plane the good work 
being done in one part of the plane? It is suggested that uniform 
movement of stock might remedy the condition and the column of 
low CO, content in the center of the furnace might be removed."* 

Comparison of the CQO, curve for plane 3 in Figure 11 with the 
CO, curve for plane 2 in Figure 12 shows that there was a decided 
increase in CO, while the gases passed from plane 3 to plane 2, 
which indicates a progression in reduction between the two plancs. 
The CO curve follows the CO, curve and the N, remains the same on 
both planes. Part of the CO, present is due to calcination of lime- 
stone. Table 20 shows the amount. 

In plane 2, as in plane 3, the falling off in the CO, content of the 
gases occurs at a point 40 inches from the inwall, and this point # 
equal to the distance of penetration of the combustion zone at the 
tuyére level. 

GAS SAMPLING AT PLANE 1 


Figure 13 shows that the curves have the same characteristic form 
as those for planes 2 and 3. The curve indicates that the CO, 13 
highest at points less than 40 inches from the inwall. After the 


1s These factors were discussed at the blast-furnace conference of Eugineers Society of Western Penn: 
sylvania, Nov. 12, 1925. See Proceedings, vol. 41, Jan. 1926, pp. 447-459, 
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40-inch point has been reached the CO, content begins to fall, and 
the decline continues to the center of the furnace. Then tho gas 
has approximately the composition of bosh gas, which would indicate 
that there is in the center of the furnace a column of gas which is 
not entering into the process of reduction. It is of interest to note 
that the gas at the center of plane 1 has the same composition as 
the gas on plane 4, that is, bosh gas. 


COMPOSITION OF GAS ABOVE THE STOCK LINE 


Further proof of the existence of bosh gas at the stock line of the 
furnace is given in Table 15 (see p. 32), which presents the analyses 
of a number of samples taken when the center of the stock line was 
let fall below the level of plane 1. The sample tube was driven 
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FIGURE 20.—Position of sampling tube for obtaining 
samples above the center of the stock column 


through hole 1, through the stock near the wall of the furnace, to a 
point Just above the stock at the center of the furnace. Figure 20 
shows the Position of the tube. Samples were thus collected in the 
gas stream above the stock before this gas had a chance to mix with 
the gases emerging from other parts of the stock. The results con- 
firm the condition found in the stock in the center of the furnace on 
planes 1, 2, 3, and 4; that is, gases low in CO, are present at the 
center of the planes. 

In this Connection it is of interest to note that, according to a 
letter from Dr. C. Bulle, June 17, 1925, the Verein deutscher Eisen- 
hattenleute, Warmestelle, Dusseldorf, Germany, was conducting at a 
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German blast furnace an investigation similar to the one reported 
here. Preliminary results from this investigation on sampling gases 
above the stock gives results similar to those reported in this paper. 


ANALYSIS OF TOP GASES 


The average analyses of samples of top gas taken as it entered the 
dust catcher, while the various planes were being sampled, indicate 
that this gas contained 9.9 per cent of CO,. The result represents 
an integration over the area of the stock line. The top gas sampled 
represents a mixture of the gases low in CO, at the center ofthe 
furnace and those higher in CO, near the wall of the furnace. In 
other words, the gas containing 12 to 19 per cent CO,, from points 
in the column of stock near the wall of the furnace, was diluted by 
the gas containing 2 per cent CO, to form the resultant top gas, which 
contained 9.9 per cent CO,,. 


DISTRIBUTION OF FLOW OF GAS 


If the CO, curve for plane 1 is integrated, the result should indicate 
the CO, content of the top gas. Integration shows 10.3 per cent 
CO,, while actual sampling over the period of sampling of the planes 
shows 9.9 per cent, so the observed and calculated results are close. 
This result indicates that in the upper part of the furnace the gas 
flow per unit area of plane is fairly equal and that the gases high in 
CO, are being diluted by those lower in CO,. On a few days it was 
noticed that an integration of the results of CO, on plane 1 gave 3 
higher CO, content than the actual result of sampling the top gases. 
This fact might be taken to indicate that on these particular days 
the gas flow per unit area of the plane was not uniform, and that 4 
large proportion of the gases was passing through the center column 
of stock, thus diluting the gases on the outer part of the plane. 


REDUCTION IN VARIOUS PARTS OF THE FURNACE 


That the composition of the gas on any plane varies with distance 
from the wall has been shown, therefore it has been necessary frst 
to assume that the results of sampling on any radius will be repre- 
sentative of any other radius and then to integrate the curves for 
the average composition at any one plane. The average analyse 
of the gasses at planes 1, 2, and 3 have been determined thus. 

Table 17 gives these average analyses and the volume, weight, 
and velocity of the gas at planes 1, 2, 3, and 4, compared with the 
composition of bosh gas and air. The gas analyses at the various 
planes are given as percentages by volume and weight. Temperatures 
and pressures of the various planes are recorded. 
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Figure 21 shows the relation between the velocity of the gases at 
the temperature and pressure of the plane and the distance above 
the tuyére level. Johnson '* has said that furnaces are designed to 
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FIGURE 21.—Relation between velocity of gas, at temperature and pressure of plane, and 
distance from tuyére level 


obtain an approximately uniform velocity of gases throughout the 
stock column. The curve, however, shows that the velocity in this 
case is not constant along the vertical axes of the furnace. 
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FIGURE 22.—Relation between volume of gas, at normal temperature and pressure and at 
temperature and pressure of the various planes, and the distance from the tuyere 
level 


Figure 22 shows the volume of gas passing the various planes 
the temperature and pressure of the planes and at the temperature 
and pressure of the entering air. The curve of the gas volume #! 
the temperature and pressure of the various planes in the furnace 


aes 


1 Johnson, J. E., Principles, Opsrition, and Products of the Blast Furnace. Pt. 1, 1918, 551 pp- 
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shows that the volume increases rapidly until it reaches plane 3, 
and after passing this point the volume decreases. 

Tables 18 and 19 give a number of comparisons between the 
composition of bosh gas and the average gas at various planes, 
calculations being made on the basis of volume and weight. In 
Table 18 the comparisons have been made by weight; the gases 
passing and the constituents of the gases passing each plane per 
minute have been calculated in pounds for the purpose of calculating 
various items and making comparisons with the results obtained in 
the balance sheet of materials (Tables 5 to 8). Figure 23 shows the 
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gas components (N,, O;, C, and H,) at the various planes. The 
first and last are constant, or practically so, throughout the passage 
of the gases through the furnace. The O, content shows marked 
increase up to plane 3, but the rate of increase is lower above this 
plane. The O; probably should show an increase with distance 
from the tuyére. The results are consistent with this for all planes 
except plane 2. According to integration, the gases at this plane 
contain more oxygen than is being removed from the furnace, an 
mconsistence which is doubtless due to the irregular flow of gases. 
The curves indicate the deposition of carbon, a fact confirmed by 
the recovery of samples of deposited carbon. 
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Figure 24 shows the O, and C combined as CO and CO, in the 
gases at various planes. The curve shows a decided decrease in CO 
content of the gases until plane 2 is reached; there the CO content 
shows slight increase. Oxygen and carbon combined with CO, in- 
crease up to plane 1, where a decrease is shown; as in Figure 23 these 
results show deposition of carbon. 
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Ficure 24.—Relation between O03 and C combined with CO and COs; and distance above 
tuyére level 


Figure 25 shows the relation between excess C and O, at the various 
planes. 

In Table 19 a number of calculations have been made to enable 
the reader to compare the results of this investigation with those 
reported by others. The ratio of the percentage of CO, and CO to 
the sum of the CO+CO, in the gases is given, and these values 
have been plotted in Figure 26 against temperature and distance 
above the tuyére level. The results used are taken from the inte- 
grated values obtained for the various planes. 
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Results obtained by other investigators at other furnaces by 
sampling the gases at the edge of the planes at various elevations 
are plotted in Figure 27. The results obtained by Kinney at Holt, 
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FIGURE 27.—Comparison of analyses of gas samples taken 
in various investigations. CO?+CO=100 per cent 


Ala., are also shown. They have been plotted against temperature. 
No account has been taken of the height of the furnaces; the results 
from other investigations are for furnaces approximately 35 feet high. 


POSITION OF REDUCTION ZONES 


The position of the zones where reduction is taking place may be 
approximated from the gas-sampling data. The O, content of either 
the gases or the ore could be used for determining these zones, but 
the former is used here. The O, content of the gases gradually 
increases with distance from the tuyére, while the O, in the gases at 
each plane, and in turn the amount remaining in the burden, may be 
determined. From the balance sheet of materials charged (Tables 4 
to 8) it may be scen that the O, charged was as follows: 


Combined with oxides and from blast...........-----...-------------------ee- 


Cawilnied With COs oak anes ccleaner te eet aceiaeck se ” 342 121.9 
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OXYGEN REMOVAL 


Table 18 shows that 808 pounds of O, were removed each minute 
by the gases. This result is comparable with that obtained by 
analysis of the materials charged. The two values represent the 
quantity of O, entering and being removed from the furnace. From 
calculations involving the integration of the gas analysis at each 
plane, the O, content of the gases has been determined (see column 16). 

Table 20 gives the amounts of O, removed from each plane. 


TABLE 20.—Orygen removed at the various planes 


Total O: | O:removed . At a? 
pelted A Differ- (*) removed (Cumulative 
enlninve: per minute ence ? pean Percent 
, ’ planes 
Plane pounds! | pounds? indicated 
1 2 
Tt OD: RAS 22 Seta ci oad Se eke Semel 808 
Plane 1............------e cece 798 
PHS NG. Bins occ coc, oe ieee a aceite 779 
Plane 4.2. con cb esc cee Cece s 562 
osh. _... fc les 532 


1 From Table 18, column 16. 

?Column 1. Oxygen in bosh gas=532 pounds. 

(Or renived portals various plines 122 pounds deducted from oxygen removed between planes 3 and 
4 for calcination of limestone. 

Analyses of limestone removed from the hole at plane 4 have 
shown that the stone is calcined by the time it reaches this level, 
and since the temperature and pressure at which limestone is calcined 
are known, it can safely be said that calcination has occurred be- 
tween planes 3 and 4. This conclusion is borne out by the results 
shown in column 3 of Table 20; 217 pounds of O, is removed between 
planes 3 and 4 out of a total of 276. The balance sheet of materials 
(Table 5) shows that 122 pounds of O, was charged with the lime- 
stone; this oxygen is obviously being removed between planes 3 and 
4, and hence has been subtracted from the results in column 4, 
Which therefore shows how much O, is being removed from the 
oxides in the burden. From this the percentage and cumulative 
percentage have been calculated. The culminative percentage, or 
the percentage reduction which has been effected by the time the 
ore has reached the various planes, has been plotted in Figure 28. 

The results show that 6 per cent of the O, of the ore burden has 
been removed between the stock line and plane 1, 12.4 per cent 
between planes 1 and 3, 61.6 per cent between planes 3 and 4, and 
19.5 per cent between plane 4 and the tuyere level. Column 6 of 
Table 20 shows that 80.5 per cent of the O, of the ore should be 
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Table 24 shows that the iron in 


IRON BLAST-FURNACE REACTIONS 
three samples taken at plane 4 was in the following form: Fe, 84.5 


removed by the time the burden reaches plane 4, which is 19 feet | 


per cent; FeO, 5.2 per cent; and Fe,O,, 10.3 per cent. 
words, there were 95.52 parts of Fe and 4.38 parts of QO. 


3 inches above the tuyére level. 
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At hole 4 the relation of O, to that in the original ore was 
.. 


The calculated result from gas analyses gives 80.5 per cent. 


pO 


a 


C 


ore, charged as Fe,O,, contained 95.52 parts of Fe and 30.5 parts of 
or 14.4 per cent, which means that 85.6 per cent of the O, in the ore 
as charged had been removed by the time the ore had reached plane 


O,. 
4. 
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TEMPERATURE AND PRESSURE OBSERVATIONS 
TEMPERATURES 


Table 21 gives the results of temperature observations in various 
parts of the furnace. The temperatures were recorded by base- 
metal and Pt-Rh couples. On planes 1, 2, 3, and 4 the results are 


ar'7" 


44'P 


9'3° 


FIGURE 29.—Results of temperature observations at 
various points in the furnace 


given for temperatures at the inwall, and on planes 3 and 4 for points 
in center of the plane. The temperatures at the center of planes 4 
and 6 (tuyare plane) were recorded with a Pt-Rh couple. The 
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tuyere, slag, and metal temperatures are the result of several thousand 
optical pyrometer readings taken over the period of gas sampling. 
Figure 29 shows these results. Temperatures of the wall of the 
furnace taken at various distances from the steel shell to the inwall 
during the drilling of the gas-sampling holes through the shell have 
been reported elsewhere by Kinney.” 


IRON BLAST-FURNACE REACTIONS 


TABLE 21.-——7J’empcrature observations at various points in the furnace 


1 


| Distance 


mn '. 
Dictance) “have | Temper-| Term 
Point of observation ew center | ature at | irae of 
‘line line of inwall of pl oF 
tuyeres a 
Ft. in. | Fe. in, AC, ua oo 
od 5 ce Cae en a ST SI Ae Ae mE ORO AEE Rie cea ee ETT (ENaC ees fr Pe Tea ame 168.0 |_.l...... 
PANG beget ten ot ee ee oe aE ate ee ee ae te ee ae 3 0 60 4 20H: O lc enedscv< 
Woe 223 2 nesses ei eens hee tee amet 10 0 §3 4 (Gal eee 
Dae cap n ste gitar oer ent Ste tes fo cannnae eee a 21 7 41 9 740. 1 if 
FS Eh 2s occ 2a eles Bee er ke Aad cr otele dante GMa ore A Aaa ne 44 1 19 3 836. 6 oh 
Pee oe oe ote le res 8 ee I ote Mt tet Das nee NBA oi St ee 61 1 2). Oo beeen ed bee haces 
DOR ee on alg eae he 8 Bs aha fot Bieta dead eae erg the leat Sal eared 63 4 |... 22. 1}, §34.0 1,29) 
PTS 25 ala Se tlt Fs hed seth she te dares gail At ase Aig es ay ncae de te Me Nee Nene eters Ne Nga Eos Ne wate a 55) ae a et 
atta alae es is gene I a ee NERA rise alah reece le So ate eee eae [neeeonvaenaney 11, 404.0 |_....---.- 
te oes ca Fae ia te et aero OE re EAC AIRE a aaa | 1], 385.0 


PRESSURES 


Results of pressure observations taken with mercury and water 
mancmeters appear in Table 22 and Figure 30, where they are com- 
pared with results obtained by two other investigators. 


TABLE 22.—Pressure observations at various elevations 


Point of Point af 
observa- | Pressure, abserva- | Pressure, 
tion, pounds tion, | pounds 
Plane distance per Plane distance: = yer 
above square above squire 
tuyere inch tuyere inch 
level level 
—a 
Ft, in. Fi. in. 7 
suasaiedag PAG BS Rii cece eles ceateteuceedaal). S18 a 
Gc pele eae taut (?) (ppb Ocoee eee elke tee koe 53 4 23 
ea ee ee ake hee meee! 19 3 MOB Ad ee career eanit neat! 60 4 4 
1 Blast pressure. ’ Hearth. 


DISCUSSION OF TEMPERATURE AND PRESSURE OBSERVATIONS AND 
COMPARISON WITH RESULTS BY OTHER INVESTIGATORS 


The outstanding feature of the temperature observations in the 
interior of the furnace is the temperature at the center of the hearth 
level. The tuyere temperatures, as recorded by several hundred 
observations with an optical pyrometer, average 1,534° C., but this 


is probably many degrees below the actual temperature of the interior 
Ee IO, OEE CAR i ERLE EL MN AT COED EEE 

*” Kinney, S. P., “Furnace lining wears unevenly’’: Iron Age, vol. 115, June 4, 1925, pp. 1639-40. =aron 
hottest at middle of cast’; Ibid., vol. 116, Aug. 20, 1925, pp. 466-667; 514-15, 
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of the combustion zone. The temperature as measured by a couple 
at the center of the hearth is 1,250° C.,o r approximately 300° C. 
lower than the observed temperature of the tuyéres. Relative tem- 
perature measurements of the hearth at the tuyére level were taken 
with a water-cooled sampling tube. The volume and temperature 
of the water entering and leaving the tube were known before the 
tube was placed in the furnace. Relative temperatures were then 
found by measuring the increase in temperature of the water flowing 
from the tube as it was set at various distances from the nose of the 
tuyére. The results showed marked increase in temperature in the 


Nee Pt tt 
AHH See 
ae eae un 


DISTANCE ABOVE TUYERE LEVEL, FEET 


2 4 6 8 10. 1 ar 
PRESSURE, POUNDS PER SQUARE INCH: 


FIGURE 30.—Pressure readings compared with results of other investigators 


combustion zone to a point where the CO, in the gases was at a 
Maximum; this was to be expected because the carbon of the coke 
was being oxidized to CO,. From this point on to the center of the 
hearth the results showed marked decrease in hearth temperature 
because of the reduction of CO, to CO and the accompanying con- 
sumption of heat. The actual temperature as measured with the 
Couple was 1,250° C.; it has been recorded in Figure 29 and Table 21. 

Temperatures at the inwall of the furnace are lower than the tem- 
peratures at the center of the same plane. Temperatures at the 
inwall were relatively easy to find, and are shown in Figure 29 and 
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Table 21 for planes 1 to 4; results are also given for the temperature 
at the center of planes 3 and 4. Temperature observations at the 
center of planes 3 and 4 were made with some difficulty, because 
the hot descending stock bent the couples. When couples inserted 
in one-fourth-inch pipes were pushed through and extended 8 or 10 
inches beyond the end of the water-cooled sample tube there was 
always doubt as to whether or not the reading was affected by the 
water-cooled element in the gas-sampling tubes. To drive these 
fragile couples into the stock was difficult. "When heavy-walled iron 
protection tubes without water-cooled elements were driven through 
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FIGURE 31.—Tempermiture at various elevations at inwall compared with results obtained 
at other furnaces 


the stock they were bent downward as the stock descended. The 
observations in the center of planes 3 and 4 are therefore probably 
low, but they are presented as a matter of record. The difficulues 
encountered in the upper part of the stack were not met in the hearth 
plane. 

Temperature readings at various points in the furnace are com- 
pared with the results recorded by other observers in Table 23 and 
Figure 31. 

Various investigators have recorded temperature and_ pressure 
observations at a number of furnaces, but the observations on the 
furnace at Holt were for the purpose of making certain gas calcu- 
lations. 
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TABLE 23.—Temperature observations compared with results obtained by other 


investigators 
Investigator...............- Schleisinger Metz Pein and | Wiebmers ! Allen Kinney 
wi t 
NW GAT ons sextet eee 1911 1913 VOL, | feeee Serene oe ee 1923 
Furnace atv.ccccceescencuce Oberhousen| Luxemburg] Silesia Glaiwitz |...-.......- Holt 
Dimension: 
Total height........ feet... 128 71.0 65 48.5 80 90 
Tuyéres to stock ae 
Sue Der wees aoe fee 81 §2 4 61 45.3 66 63. 33 
Tuyéres to top of best 
scan notcsauemecese 19 21.2 21.2 18.2 2B 13 
Blast temperature.. "ey Co iN alee tate 835 600 AM) Newesse oss 514 
Tenens temperance 40: a eee 165 160 260 200 168 
@ temperature... dO.) s.r cca eco saes |e ce ws cl cee see cee eke oes ac bees te eee 
Dis- Dis- Dis- Dis- Dis- Dis- 
tance | Tem-| tance | Tem-| tance} Tem-j| tance | Tem- | tance | Tem-| tance | Tem- 
above] pera- |above] pera- |above: pera- |ubovel pera- above} pera- jabovel pera- 
tuye-| ture | tuyé-] ture | tuyé-| ture | tuyé-| ture | tuyé-| ture | tuyé-| ture 
res res res res res res 
Feet | °C. | Feet | °C. | Feet | ° C.| Feet | ° C.| Feet | ° C.! Feet | °C. 
see twteleseis bo tes eeec etl sccoc] tee cetlsc ete. besires 62; 300. 60.33} 204 
61.0, S50). .._. Jf. 28. 58. 6 7A | CE Me PAA RC ete RE RE Re apenas Meena 
ee nies |otoo|oeee2-[ee----[-ee---[----2-------] 58] 5601 53.33) 466 
1.9) 620......]-.222. 51.3 5 <0 Canes |e MRpentst [erm PRI mean] [Sener EN, Meade reas | iene rr 
owrawiclt |b seis | Sebeue etestel oe Bost on8 [atte (ees 461 690)... 22] 22. 
Saal Peeremenee 8} 462) 45.6) 660) 45.3) 240... |... 2 ]2-2. 2 |.--8 ee 
M42 BO ee as te ee cc bckee le cee ee Ceuts 41.75} 740 
whe ules 6 §22'_....-/....--| 40.0 Diocetew| awe tadecee tal vcebee 
ese) aces 38.6] 636 39.8) 710)... .)..22.| TIT 
Digsshnns Neca Basel ae Bic Ete ial Ohne oe meee -se2-2| 36; 8001. fee lee 
33.1) 910; 32.5) 713, 33.6) 735) 32.2) 815. pelle ll 
seen hep 28.7| 768) 28.8! 770) 28.0) 900) 2 dese coca Lies 
24.6) 1,000)......]...-.. 2 -) a Poe eee 7 5 a 
Beetels|eeedas 2] 817).--.-. ------] 18. 2) 1, 200|....._|....../ 19.25) 836 
Seat CePA erence er eee! 15.6;  860)......].----- 16 1,010)...... eGaae 
Sane etloeeollae ele ees 8.3)71,010)......J------j--.-..| 1,440)-0 2). 
5.6) 1,000) 5.4] 1, 263}...._. jriteaes |acecee bce eh seein s | satiee. lust S| neers 
meet lennon |e nneee|eeen- [eens -fonez sf 4. 9 1, 400)... te fee 
Susevsleaveos | teweccl = asece Bo AN oie oe hs seed See tclesuneelaete 
Tuyére level. ........-...-- i ES REONCE, atria Morera eee | HORE A] a abt aN 1, 763 mae 1, 534 
| 


1 Wiebmers, —, Dad Temperature observations in Gleiwitzer blast furnace’): Ztschr. BAGS Hiitt. u. Salin.- 


Wesen, Bd. 22, p. 288. See also Jiptner, Hans von, Beitriige zur Hochofentheorie. Leipzig, 1921, p. 122. 
3 Estimated. 


ANALYSIS OF SAMPLES OF STOCK RECOVERED FROM THE 
INTERIOR OF THE FURNACE AT PLANE 4 


One object of this investigation was to determine the reduction of 
the descending charge. Two methods could be used: (1) Gas sam- 
pling across the various planes, or (2) analysis of representative sam- 
ples of stock removed from the planes. 

At plane 4 an attempt was made to obtain a number of repre- 
sentative samples of stock by stoking and hooking 26 to 200 pound 
samples through the gas-sampling holes into an air-tight container. 
The samples were allowed to cool in a reducing atmosphere and were 
later removed for analysis. 

Table 24 gives the results of the anaylsis of three samples, whose 
iron content is based on 100 per cent. The results show that 84.5 
per cent of the total iron in the sample was in the form of metallic 


iron Fe, 5.2 per cent in the form of FeO, and 10.3 per cent in the form 
of Fe,0,. 


Google 


56 IRON BLAST-FURNACE REACTIONS 


The results above will be used as a basis of comparison later with 
results obtained by means of deductions from the analyses of gas 
samples. More detailed analyses of the various constituents of the 
charge removed from the gas sample holes will be reported in another 


paper.” 
TABLE 24.—Form of iron at plane 4, per cent 


of : sear 
Sample No. sample, 
pounds Total 
| See NE oT eR Vee ot RRR ATR of 10.9 
BR fe treat th ee A do aM hic t pds RS ol IE A Re Er ett ac ale Os 200 in) 
eb lash 9 tnt tate hao hen eth 2 A oe lsat a EN a rat Hua SK 100 ang 
ASCliGC 2 2 oo ole2s cin tee eaten em esto eot eas b ees 84.5 100.0 


i 


Results of stock sampling show that 84.5 per cent of the iron has 
been reduced at plane 4, although integration of the analyses of gas 
samples indicates 80.5 per cent. Analyses of gas samples are proba- 
bly the more reliable because they represent samples taken at small 
intervals between the inwall and the center of the furnace on a num- 
ber of days; the stock samples, also taken on a number of days, 
were from points nearer the wall than the center of the furnace 


HEAT BALANCE AND DISTRIBUTION OF WORK 


The amount of reduction that takes place between each plane has 
been calculated from the results of gas sampling and checked by means 
of stock samples taken at plane 4. If these data are used as aA 
basis of calculation, the amount of heat consumed by the work of 
reduction in each section of the furnace can be determined. Table 
25 gives a heat balance constructed from the data in Tables 3 to S. 


TaBLE 25.—Heat balance |. 


B. t. u. per | 
| ton of metal Per cent 


HEAT PRODUCED 
1, Combustion nl C to € O82 ool cee cies od ae het a eedauieeeseeeeteas sans 7, 371, 759 1.0 
2, AUSTEREO tee Oe. 6 oo Peo cs phe eee ore tee le a Noe Me ee ol 4, 7R4, 637 we. 1 
3. Heat in blast (including moisture)_...........-------------- cence eee ee eeeeee 2,316, 539 15.9 
Motel Neat ass 0 las Nes) ae notes Phe eas taclogee secede tte 14,472,938 | 100.0 
REAT CONSUMED 
1. Reduction of iron oxides.....-. 0 0. eee eee eee eee ee eee cece cee ceceeeeceees 5, 577, O86 3a 4 
2. heauction of Sin. Pss and SOs, conc. Shs eg ee dewine cease ashe tiewksee seas 2 825, 832 | eae 
3. Calemation of earbonntes.......0.. 2.0.20 eee ee eee eee eee ee eee ee eee ee ee eee 1, 176, 470 8 : 
4. Dissocintion of moisture. ....- 02202. 2 eee ee ee ee ee eee eee | 1, 030, 464 oe 
5. Carried off with the iron_.io....0..0.- 0-20 ee eee eee ee eee ee ee ee eee eee 1, OS6, 400 ri 
6. Carried off with the slag.... 000000000000 nee ce ewe cee c ee eee cece eee eeeeece- 1, 500, 632 10.4 
he air dl OW AV A Bases UNS ic ss cute ase pe aie eats aliens ic mae 1, O83, 650 rs 
8. Carried off with moisture in top QOS... 2.62. c2e ees eee e cde cede eeceeew ee eee 651, 819 3S 
fie Sessa 
Total heat accounted (Ofsoec inl we a Sees ee oeee ued eeepc ee? 12, 912, 353 | 89.3 
Hest unaceounte! for. 00.2. ee ee ee ee ee eee ee ee ee ee eee eee eenee 1, 560, A82 roar 
Heat unaccounted for, per cent... 22... ee ee ww ee ne ee eee eee ene clown nem e cence ] 


1 Kinney, S. P., Analysis of Materials in the Blast Furnace. 
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Table 26 has been compiled on the basis of the available heat, on 
the assumption that all the C is burned to CO, and all the H, to H,O. 
From the gas samples it is assumed tM@at 80.5 per cent of the work 
of reduction of the iron oxides is done above the level of plane 4. 


TaBLE 26.— Distribution of heat 


B. t. u. per 
long ton of Total 
Inetel 
AVAILABLE HEAT Pevevnt | Pervert 
Combustion of C to CO2._.......-..-..-2-222- 222 ee eee eee 30, 695, 328 9110 bs zscee sy 
Combustion of H to H2Q0._.. 22 eee eee ee eee eee 685, 860 7 a |] eee areas 
Hest carried in with blast..........22..-..2-0-. 022022222 ee 2, 316, 539 | 6. 86 | 100. 0 
Total available: heat... sooo. 3 cece ees eve deed sccucecesca cack | 33, 687, 727 100 00 | 100. 0 
HEAT CONSUMED IN STACK, ABOVE PLANE 4 ; aaa: 
Calematan: OF StOn® 20.272 ice ds Snel tual ec aeute ewe 1, 176, 470 Boks oe 
Reduction of 80.4 per cent of iron oxidus ...22...2222..200-0-------- ee 4, 473, 454 1s es St eee eres 
DEV ie CU Gia e202 hodee So eunas 5 ea cet ied aera eae ea eee 651, 819 19 18 6 
HEAT CONSUMED IN BOSH AND HEARTH 

Reduction of 19.5 per cent of iron oxides................-.-.---------- 1, 083, 632 Re’ 2 em nee 
Reduction of MnO, P20s, SiVg........2-2. 222.2 eee eee eee $25, 832 es er apes a 
Dissociation of moisture__._..........-..-------.--.-------- eee eee 1, 030, 464 : Ue Oe eae eee 

Sensible heat: 
MO ar a haar eet hes ae es oe Snes Sm 2 ot ha ren ae aes 1, 086, 400 Be oo becuaietde 
Dia as os a oe le ae a Cy ahaa Bain ats 1, S0U, 632 4.5 16.5 

HEAT LOST VIA TOP GASES, HEAT LOSS, ETC. 

Sensible heat in top wasS....-2--2---2 eee eee eee eee ee ee eee 1, 083, 650 eh ed ot ha wits 
Hest value of top gaseS.........-..22 222-222 eee eee eee eee eee 17, 473, 670 D1 Wake ceca. 
TUG AU TSS hie oh i EI ke oy a Ns iis pacts Me Rn: Balin ee ahi 1, 560, 582 ro | nee ner 
Carbomin Mile Gusti. 26 eo o5o nd eke iced Matandoncbetes cbedenewouas 584, 810 Liaise ete te 
Carbon tn metals.J< 5.26. 2ece cu dectcla tenes ouee eobasesneeeaeeheCecwce | 1, 164, 312 3.5 64.9 
| 33, 697, 727 |....--. 100. 0 


Table 26 indicates that 18.6 per cent of the available heat is con- 
sumed above plane 4; of this, 13.3 per cent is used in reducing 80.5 
per cent of the iron oxides, 3.4 per cent in calcination, and 1.9 in 
drying the charge. In the bosh and hearth 3.2 per cent is consumed 
in reducing iron oxides; 2.5 in reducing MnO, P,O,, and SiO,; 3.1 
per cent in dissociating moisture, etc. The table also shows that 
even though approximately 85 per cent of the carbon is burned 
at the tuyére level, more work is done in the stack above plane 4 
than in the bosh and hearth. It is indicated that 18.6 per cent of 
the heat is consumed in the stack, and 16.5 per cent is consumed in 
the hearth and bosh. 

Table 26 shows that the distribution of the total available heat used 
in reducing the oxides is as follows: Above plane 4, 13.3 per cent; 
hearth and bosh, 3.2+2.5=5.7 per cent. From these data and the 
data in Table 20, column 5, showing the percentage reduction between 
each plane, the heat used between the various planes in reduction 
may be calculated. Results of such calculations show that of the 
total available heat 19 per cent is used in the reduction, 1.24 per cent 
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between the stock line and plane 1, 2.36 per cent between planes | 
and 3, 11.70 per cent between planes 3 and 4, and 3.70 per cent in 
the bosh and hearth below plane 4. 


DISCUSSION OF RESULTS AND RECOMMENDATIONS 
DISTRIBUTION OF STOCK 


In common furnace practice, ore is charged so that the greater 
part of the oxides is distributed near the wall; the coke has a smaller 
angle of repose and is generally distributed more evenly over the 
area of the stock line. There is therefore more ore near the walls of 
the furnace and a greater proportion of coke in the center. 


GASES AT CENTER AND SIDES OF FURNACE 


The ore charge is distributed near the walls and almost directly 
over the combustion zones. This condition tends to keep the center 
of the shaft porous and open. The gases probably follow the path 
of least resistance, due to the difference in porosity of the charge in 
the stack. It therefore happens that more gas may be passing through 
& unit area in the center of a plane than near the edge. The gases in 
the central column of the stack will not do as much work of reduction 
per unit area as those passing up through the sections near the wall, 
because there is less iron oxide exposed. It is logical therefore to find 
in the modern blast furnace a part of the center of the shaft where 
there are gases very low in CO,. The presence of these gases lowers 
the average CO, content of those entering the top gases and in turn 
the general efficiency of the furnace. 

Here the reverse condition might be pictured; in passing, it might 
be said that an experiment has been tried in American practice, as 
follows: The ore was so charged that it was thrown to the center of 
the shaft and the porous part of the charge, containing a major part 
of the coke, to the wall. A poorly working furnace resulted in a short 
time. | 

UNEVEN REDUCTION ~- 


The center of the column was tightly packed with iron oxides; the 
outer part, which represents about 70 per cent of the volume of the 
shaft, contained a minimum of iron oxide. As a result of this 
condition, gases low in CO, emerged from the outer part of the 
column and gases of a high CO, content from the smaller and central 
part. One part of the shaft had too much work to do, while the 
outer part had too little. Two results followed—a cold hearth, due 
to channeling of unreduced iron oxides down through the center of 
the shaft, and gases along the wall. 

Neither of the two conditions outlined above is ideal. In the first 
condition, which exists in modern practice, high CO, emerges from 
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the outer part of the stock column; and in the second, the high CO, 
comes from the center of the shaft. If gases of equal CO, content 
were emerging from all parts of any plane parallel to the hearth, a 
third and much more ideal condition would ensue. It would necessi- 
tate an equal flow of stock downward and an equal and uniform flow 
of gas upward, and progressively uniform reduction would then be 
taking place throughout the stock column. 


COMBUSTION ZONES 


The combustion zones control the movement of the stock in the 
shaft of the furnace; if these zones could be arranged to cover all of 
the hearth area, the coke would be burned and the stock would 
descend uniformly. Here it might be pertinent to give some examples 
of the effect of the extent and arrangement of combustion zones on 
the movement of stock in the column. Comparison of the results of 
gas sampling in the 300-ton furnace at Holt and the Bureau of Mines 
6-ton furnace at Minneapolis follows. 


COMPARISON OF ANALYSES OF GAS SAMPLES FROM THE 300-TON AND 
6-TON FURNACES 


/ 

In Figures 32 and 33 analyses of gas samples from the 300-ton 
furnace are compared with those from the 6-ton experimental fur- 
nace. Lines of equal CO; content of gases are plotted on furnace 
sections in elevation to emphasize the differences in the two stacks. 
The two figures show that there is a marked difference in the working 
of the two furnaces. For example, the high CO, gases are found near 
the wall of the 300-ton furnace but in the center of the 6-ton furnace. 
The authors believe that the CO; content of the gases bears some rela- 
tion to the stock movement in the furnace and that the highest CO, is 
found where the movement of stock is most rapid. It has been 
pointed out that the movement of the stock is controlled by the extent 
of penetration of the combustion zone. In the 6-ton furnace the 
hearth was small; the combustion zone covered the whole area, in fact 
overlapped. In the full-size furnace the combustion zones are at the 
nose of each tuyére, and are small in comparison to the total hearth 
area. As stock moves directly over the combustion zone, movement 
in the 6-ton furnace would take place more evenly across any plane. 
As the zones overlapped the stock movement might have been faster 
in the center than at the wall on account of the restricted combustion 
space, while in the 300-ton furnace the movement was more rapid 
near the wall and comparatively slow in the center. As it has been 
shown that the gas flow is probably fairly equally distributed in the 
stack of the furnace, the gases containing the highest amounts of 
CO, would be expected to be near the wall. The results here show 
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distinctly that bosh gas is passing upward through the center of the 
furnace. This gas has done no work of reduction and is diluting the 
gases that contain more COQ). 


UNIFORM MOVEMENT OF STOCK AND GAS DESIRED 


Conclusions from these data point to the desirability of adjustments 
in practice to permit more uniform flow of stock and gas in the 
furnace shaft. Under ideal conditions the stock would move down- 
ward uniformly and the gas would move upward uniformly through 
a uniformly sized and mixed charge, where the rate of reduction was 
uniform throughout any one plane. Under these conditions there 
would be no channeling of bosh gas at the center of the column. As 
a result, the CO, content of the gases on any one plane would be 
uniform and the content would increase toward the stock line. Such 
a condition would give higher CO, in the top gas and a resultant lower 
coke consumption. 


CHANGE IN SHAPE OF COMBUSTION ZONE 


As stock movement in the shaft is controlled by the combustion 
zone, Kinney and McKenzie ” have suggested, as stated on an earlier 
page, that uniform flow may be obtained by rearrangement of the 
combustion zones in the hearth to a rectangular or elliptical form. 
Such an arrangement had been suggested by others ** for the small 
circular furnaces used 50 or 75 years ago. The above results show 
that there would be no advantage in making a small circular furnace 
rectangular; the advantage would come in changing a large circular 
furnace to the rectangular form. 


EFFECT OF REARRANGEMENT OF COMBUSTION ZONE 


If the shape of the hearth were rearranged (see fig. 34) so that com- 
bustion of the coke took place uniformly throughout the hearth, the 
furnace would have some of the following characteristics: 

1. The hearth area would be rectangular or elliptical in shape, twice 
the length of the combustion zone (80 inches) in the modern blast 
furnace in width and of any desired length. 

2. Because the flow of stock in the shaft of the furnace is controlled 
by the combustion zones the descending charge would be consumed 
evenly and regularly throughout the area of the hearth. Stock would 
then move more evenly and the now important problem of distribu- 
tion would be of less moment. 


1 Kinney, 8. P., and McKenzie, F. B., “‘ Proposed hearth and bosh construction”: Iron Age, vol. 115, 
Feb. 12, 1925, pp. 476-478. 

23 Alger, C. C., Luuproved Smelting Furnace: U. 8. Patent 677, Mar. 29, 1859; U. 8. Patent 17659, June 
30, 1857. 

Raschette, Woldemar, “ Improved blast furnace”: U.S. Patent 43274, June 21, 1864. Universal Blast and 
Smelting Furnace. 1864, 1] pp. 
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3. The hearth area would have a higher and more uniform tempera- 
ture throughout which would, in turn, permit greater ease and latitude 
of control. : 

4. Removal of the central part of the hearth where no combustion 
is taking place would relieve the hearth of a zone that is much cooler 
than any other part. Contamination and cooling of the metal from 
this stagnant zone could not take place. 


Ficure 34.—Diagram showing oxidizing and reducing 
zones in a proposed blast-furnace hearth 


5. The capacity of a furnace constructed to conform to a hearth 
which had two axes, one longer than the other, will be increased not 
by increasing the diameter of the circle, as is done in current prac- 
tice, but by increasing the length of the major axis. : 


CONCLUSIONS 


Some of the most pertinent points indicated by the results of gas 
sampling on planes 1 to 6 are as follows: 


RESTRICTED COMBUSTION ZONE 


Combustion of coke in the hearth of the furnace is taking place in a 
comparatively restricted zone at the nose of each tuyére. Oxygen 
of the blast is consumed 30 inches in a horizontal direction and 27 
inches in a vertical direction from the center of the nose of the 
tuyére. The CO, is reduced at a horizontal distance of 40 inches 
and probably at a like vertical distance. It may therefore be con- 
cluded that the process of combustion is taking place in a restricted 
Zone within 40 inches of the nose of the tuyére. 


INEFFICIENCY OF COKE 


As combustion is taking place in a restricted zone at the nose of 
each tuyére, the carbon of the coke is being rapidly converted from 
the solid td the gaseous phase in this restricted combustion Zone. 
A void is thus created toward which the stock is constantly flowing 
from all parts of the shaft. In other words, the extent of the com- 
bustion zone controls the movement of the stock in the upper part 
of the furnace. Stock lying directly over the combustion zone, like 
coal directly over a hole in the bottom of a coal bin, will move more 
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rapidly in its descent toward the tuyéres than that at points farther 
removed, say, in the center of any plane. This fact has also been 
pointed out by Royster and Joseph*™ in experiments on models. 
These deductions lead to the conclusion that the movement of stock 
in the shaft is not uniform. 

It is pointed out that as the product of combustion is CO, the net 
heat produced per pound of carbon burned is a constant—29,160 
gram-calories—and all tuyéres are similar in this respect. 


RESTRICTED GAS FLOW 


Excess of nitrogen in the center of the furnace, at the tuyére plane, 
and at plane 5 indicates restricted gas flow in the hearth and bosh of 
the furnace and reactions which produce CO, such as the oxidation 
of iron, the formation of cyanides, or the so-called direct reduction of 
metallic oxides. 

BOSH GAS 


The gases on plane 4, which is 19 feet 3 inches above the center 
line of the tuyéres, have been shown to have practically the composi- 
tion of bosh gas; this composition is constant throughout the planes. 

The analyses of gas samples on planes 1, 2, and 3 show certain 
similar characteristics. First, there is a high CO content in the 
gases near the wall and to a distance of about 40 inches from the 
wall. Second, after the 40-inch point has been passed the CO; 
falls rapidly, as the center of the furnace is approached, to approxi- 
mately the proportion in bosh gas. 

Gas sampling and integration of the CO, curves show that the 
CO, content of the gases increases with distance above the tuyére 
until plane 2 is reached; the gases*then decrease in CO, content 
until the composition of top gas is attained at the top of the furnace. 

Comparison of the average calculated CO, in the top gas from 
integration of the CO, curve from plane 1 and the observed average 
CO, content of the top gascs indicates that the gas flow per unit 
area of planc 1 is approximately uniform, but does not indicate 
uniformity of flow in the lower part of the shaft. 


CAUSE OF UNEVEN DISTRIBUTION OF CARBON DIOXIDE 


If it is assumed that the flow of gas per unit area of any one plane 
is uniform and the descent of stock is not, because of the restricted 
zones of combustion, a furnace shaft can be pictured in, which the 
gas flow is fairly uniform or possibly slightly faster in the center 
from the porosity of the charge, and in which the movement of stock 
downward is comparatively rapid close to the walls and for 40 inches 


* Royster, P. H., and Joseph, T. L., “Effect of coke combustibility on stock descent in blast furnaces”: 
Trans. Am. Inst. Min. and Met. Eng., vol. 70, 1924, pp. 224-233; discussion, pp. 233-238, 
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from them and comparatively slow in the center. If the iron oxide 
were charged so that it would lie in uniform layers, then through 
the nonuniform flow of stock more iron oxide would pass any unit 
area of the 40-inch ring per unit of time than would pass a like 
area in the center of the plane. It is known, however, that the 
greater part of the oxide is near the wall, therefore the amount of 
reduction is greater in the outer ring per unit of area and time, 
which accounts for the resultant higher CO, in the gases from this 
part of any plane. As the movement of stock in the center area 
is comparatively slow, the iron oxide is rapidly reduced with a small 
accompanying effect on the CO, content of the gases. The cause 
of this condition—that is, high CO, near the wall and low CO, in 
the center—can be directly attributed to the restricted combustion 
zones at the tuyére level and the resultant uneven flow of stock 
throughout the shaft. 

Again, if the method of charging a furnace is considered, the dis- 
tnbution of ore on any plane is uneven; the largest amount per unit 
area tends to be near the walls of the furnace and a-small amount 
in the center. The fine material remains near the wall and the 
coarser tends to go to the center. This condition would bring us 
to the same conclusion—that is, that more reduction per unit area 
and time is taking place near the wall, which would account for the 
higher CO, at that point. 


PROBABLE EFFECT OF REARRANGEMENT OF COMBUSTION ZONE 


It is suggested that a rearrangement of the combustion zone 
would produce a more uniform flow of stock, more efficient contact 
between gas and solid, and a resultingly lower consumption of coke. 
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